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PREFACE. 



' The veiy favourable reviews of my work on ' Educaiion, 
Scientific and Technical,' especially the portion relating to the 
teaching of Chemistry, were in a measure the cause of my 
writing the present work. I have long held that chemical works 
intended for beginners are unsuitable as educational works ; if 
these books extend only to a few pages the arrangement and 
construction is the same as that adopted in Gmelin's great work 
of reference on the science, which extends to eighteen large 
volumes : the plan is encyclopaedic— excellent for a book of 
reference, unsuitable for an educational work. In this system 
the facts are unclassified ; the laws, the highest generalisations, 
are placed apart from the facts ; and no plan for teaching the 
language of the science, which requires to be taught like any 
other language, is given beyond a few general observations. 

These views I put forward more than twenty years ago in 
the preface to another work, and I am glad to find that, in 
process of time, other chemists are beginning to have similar 
views on this class of books. Professor Josiah P. Cooke, of the 
Harvard University, thus comments upon them, in the intro- 
duction to the new edition of his work, 'The New Chemistry ;' 
'To the great mass of learners the study of these text-books is 
uninteresting and profitless ; for before the student is made 
famiUar, through long laboratory practice, with the materials 
and piocesses described, such a book is little more to him 
than a catalogue of names, to which he attaches no significance. 
... On this plan ' (the plan of his ' New Chemistry '} ' the 
student's interest can be sustained to the end, which is hardly 
possible in following through the weary catalogue of sie.m.e.'ft.- 
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tary substances given in the usual text-boolis, involvil 
repetition of details as profitless to the general student 
is tedious and uninteresting.' 

The plan of this book is, I am coniident, more in harmt 
with the laws of thought than the chemical text-books that an 
in use in schools, and for teaching junior students generaEf. 
Many of these books are little more than mere compilation! 
of unclassified facts ; hence the reason is not cultivated, and 
consequently the science is not attained ; for unless the first is 
reached, the second is not gained. 

As the student cannot be properly instructed in cliemistiT 
without having previously acquired a knowledge of the physical 
properties of matter and the physical forces, I have 
menced with a course of physics suitable for the course of puK 
chemistry given in the after part of the work. In the teaching 
of this portion of the work the exercises, illustrations, &c, 
have been selected to bear on the after course, and on chemicai 
operations generally ; thus, in explaining porosity, filtration is 
illustrated and taught practically ; the collecting and storing 
of gases under impenetrability ; the determination of boJIing- 
pointSj fractional distillation, &c., under heat; the action of 
charcoal and dyeing under adhesion, &c. ; so that when the 
purely chemical portion of the work is reached the student 
not be perplexed and impeded when, in describing chemical 
operations and chemical properties, reference has to be made 
to physical properties and physical forces, as he has already 
become practically acquainted with them. 

The principles, both in the course, on chemical physics and 
on pure chemistry, are taught by experimental and arithmeti- 
cal exercises and examination questions ; the questions, boHi 
on physics and chemistry, which I have not framed myself 
have been taken mainly from the examination papers of the 
London University, the Royal University of Ireland, and Owens 
College, Manchester ; and they and the exercises have been 
selected so as to impart a wide and sound knowledge of the 
different subjects dealt with : answers to many of the exercises 
are given at the end of the work. The language of the science 
and the mode of expressing chemical changes are taught in 
a series of progressive exercises, which will give the student 
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complete mastery over it. It being all-essential that the student 
should at an early period of his studies become acquainted with 
the language, this is essentially necessary, for without a know- 
ledge of it he would be unable to think and reason about the 
science, because language is the atmosphere in which thought 
lives. It is for this reason the student is directed to pass over 
portions of Chapters VI., IX., XI., XII., XIII., until he has 
reached and studied Chapter XIV., as he has then completed 
the study of the language, and he is thus enabled to study more 
intelligently the more advanced portions of these chapters. 

This book is complete on all the subjects it treats upon ; but 
should its sale justify it, a second volume will be published 
giving the advanced portions of the science which have not 
been dealt with in this. 

I am greatly indebted to two friends and former students, 
Mr. James Roberts, LL.B., Barrister-at-Law, and Mr. Thomas 
Bayley, consulting chemist, in kindly assisting me in eliminating 
errors. 

ROBERT GALLOWAY. 

London : Fehruaiy 1888 
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I. Those who take up this book with the intention of 
studying it, will, no doubt, have heard the word matter em- 
ployed in conversation, and they will also have without doubt 
met with it in some of the books they have read ; and most 
probably they themselves will have used it both in conversation 
and in writing ; they must therefore have attached some 
meaning to this important word, for it is a very imporlant 
■word, esjjecially for what it signifies in Natural Science. I wish 
those studying this book to reflect for a few moments before 
going further as to the meaning they attached to it when they 
or others employed it. Like many other words it is employed 
both in ordinary and scientific language. The following are 
a few of its meanings in ordinary language, and they are given 
in order to impress on the young student, that whilst a word 
has many different significations in ordinary language, it has 
one, and only one, in the particular department of science in 
which it is employed as a scientific term ; hence one word 
cannot be substituted for another in scientific, as it frequently 
can in ordinary, language to convey the same idea ; just as, for 
instance, if we speak of any tool, saya spade, hammer, &c., we 
cannot substitute any other word for the word spade ot\iB.TOTCi«t^ 
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as no other word would convey lo other minds the particnll 
tool we meant. The sttjdent will, we hope, gather from thes 
marks the imperative necessity of learning, in order to becon 
acquainted with a science, the exact and /wnJe meaning 
every scientific word and phrase employed. 

2, The following are a few of the meanings of the 
' matter ' as given in dictionaries : — 

I. The contents of any speech or writing ; the thiog said ; the 
ing ; sense. (2) Good sense ; substance, as opposed to empty veibositr 
frivolous jesting. 'To speak all mirth and no matter.' (3) Sul^ 
thing treated ; that about which we write or speak. (4] Afiair ; bu^w 
event J course of things ; as 'Mattershave succeeded well thus fir'; 'Obaa 
how matters stand ' ; 'Thus the matter rests at present' ; 'ThuslhetMl 
ended,' (5) In logic that which forms the subject of any mental opersti 
as distinguished from the form. (6) Body ; substance extended ; anyA 
perceptible by any of the senses ; that of which the whole sensible tmin 

3, The last meaning is the only one in which it is used 
Natural Science, or, in other words, when its meaning is confii 
tothe Katerial World. For when employed in Natural Sci^< 
includes, but is restricted to, everything which possesses we| 
and occupies Bpaee ; these are termed the essential pro] 
of matter, since they suffice to define it. 

4, A young child knows from observation that all mam 
not of the same kind, but that there are many different kii 
there are, for example, gold, silver, iron, copper, sul 
common salt, chalk, and a very large number of other fan 
of matter, Noweachof these different kinds of matter is teni 
a substance or body ; and each substance exists in one or ol 
of the three states o{ aggregation in which matter can exist, 
the solid, the liquid, and the gaseous state ; some substar 
exist naturally in only one of these states, as, for example, go 
silver, or iron in the sohd state ; but most of them, and perhi 
all of them, can be made to pass into one or both of the othet 
states in which they do not naturally exist, by the application 
of heat, cold (diminution of heat), or pressure ; or by a com- 
bination of pressure and one of the other two agents, as we 
shall learn further on. Water, for example, exists naturally in 
all the three states ; in all climates it exists in the liquid state 
and in all climates it exists in the gaseous or vaporous state in 
the air ; and in the Arctic regions, and in temperate climates. 
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winter, it exists in the solid state as ice and snow. Some 
' the water in the gaseous state in the air passes, or becomes 
inverted, into one of the other two states of aggregation, 
ring to a diminution of temperature in the atmosphere; it then 
)pe£iTs in the form of dew, or comes down to the earth in the 
nn of rain — the liquid state, or of hail or snow — the solid 
ite. 

5. It has already been stated that all substances, whether 
listing in the solid, the liquid, or the gaseous slate, occupy a 
rtain space ; the amount of space a substance occupies is 
rmed its volume. 

6. Every particle of matter attracts every other particle of 
atter, whether the matter exists in the soHd, the liquid, or the 
tseous state, not only in the world we dwell in, but through- 
lit the entire universe ; this attraction Is called the Law of 

ravit&tion. This force or attraction operates at the greatest 
nceivable distances, and is common, as we have stated, to 
e three forms of matter, and as each particle attracts, the mass 
iitaining the greatest number of particles must consequently 

t the greatest attractive force ; hence it is that all bodies, 
th the exception of the celestial ones, when at some distance 
am the earth's surface and unsupported, fall or descend to 
One of the effects of this attraction is the downward pres- 

e which substances exert on whatever supports or prevents 
em from falling to the earth ; this pressure is termed thiir 
vghi. 

7. The word ' particle ' which has been employed has 
several different meanings in ordinary language, but it is only 
necessary to give the one which corresponds with its scientific 
meaning, viz. 'a minute part or portion of matter, the aggre- 
gation of which parts constitutes the whole mass ; ' this cor- 
responds with its scientific meaning, for the smallest portion 
of matter which is mechanically divisible is termed a particle. 
But it is believed by scientific men that there are more minute 
portions of matter than particles ; these minute portions are 
indivisible ; the largest of these mechanically indivisible portions 
are termed molecules ; the molecules are chemically divisible; 
the still smaller portions, which are both mechanically and 
chemically indivisible^ are termed atoms. 
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8. Before going further we must inform the student I 
the terms particle and molecule have been used indiscrin 
ately, and in some scientific works at the present time the w 
particle is sometimes used in place of the word molecule ; ! 
in this work the two words have separate and distinct meanii 
particle being employed to signify the smallest portion of n 
that is mechanically divisible ; molecule the smallest port 
which can exist in the free state, and which is mechanically 
divisible but chemically divisible. 

9. It will be evident to the student from what has b 
stated that the minutest particle is an aggregation of molecB 
as a mass of matter is an aggregation of particles, Scie 
cannot at present inform us how many molecules are requil 
to form the minutest particle ; but, to form an idea of the 
of molecules, Sir William Thompson gives this illustratk 
Imagine a drop of rain, or a glass sphere the size of a 1 
magnified to the size of the earth, the molecules in it being 
creased in the same proportion ; the magnified structure woi 
be coarser-grained than a heap of small shot, but probably 1 
coarse-grained than a heap of cricket -balls. The number 
molecules of gas in a cubic centimetre (o'o5io3 cubic ind^ 
air is calculated at twenty-one trillions. Molecules and a 
are treated of in a subsequent chapter. 

10. We will here cite a few examples to show to what 
almost incredible extent matter admits of being subdivid( 
and the minuteness of some organised bodies. 

1. ' WoUaetoD succeeded in abtainingthieadsnrplalmumof adiua 
rot exceeding jnsiiiiQ "^ ^" 'a^. The method which he employ*! 
preparing them consisted in drawing a silvec wire with a platicDm crur^i 
dissalving the shell of silver in nitric acid. In Ihis way tiireads can btf 
tained so line that they are actually invisible Indirect view ; their existf 
can only he deteclctl hy ihe aid of certain special opiical phenomena, 
(he art of healing gold, leaves are oblaincd whose thickness cannot exa 
^n;, ' ! ;;; oF an inch. A square inch of this leaf would weigh less than 
^j^^ of an ounce, and as a square whose aide ia Jn of an inch is visiWe 
(he naked eye, it follows that this square inch of leaf contains more ~ 
60,000 vifiihlE parts.' 

2. 'AccoKiing to Biot, the thread by which a spider lets itself doi,_ 
composed of more than 6,ooo single threads. But more snipiising than 
is the microcasm of organised nature in die infusoria. Of these cteatun 
which for the most pail we can see only by the aid of the microscope, lh( 
exist many species so small (hat millions piled on each other would 
equal a singU giun of sand, and thousands might swim at once tlirough 
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z. limit cS^t hiTi: Tre~.M.i:!.7 f-iuir- :.: 1 ..:_! n "1 IlI- : 
plain ftmher en :: ibf zt-.s^/t :r zi^-ir. 

12. y^'htJi Tiini-iJti ii'iisrt ::.cri:.-=r -_::if:. lf :jl- ■- 
stated, a mass of r::;2.r:tr is fi-mt-i lziI -jin zL:rrt zjntr 
the particles coherir^. ±t lirrtr. :: :: irr^ -.::± - nzc • - 
mass : a piece of lunr supr. ::r tziziT-.i. ^ ir i^u-i::!" ■ i 
a number of panicles c: •'"•• r:::?: 
the particles are, as :: ^trt, iz:iii.; 









substances they are zmr^z^i iz. i :~:- ~a" - ^ iinz^ : 
sugar, alum, epsom salts, ^c 

13. The particles cohere ::ze-J:er in d.fercr.: >:l.i 5-1- 
stances with ver)- differem decrees cf irr"2.ct:ve f:::c . >:zi± 
solids, for instance, are very easily pulvenscc, :r.a: is i-.±:r 
particles are very easily separated ; oiher solids, cr. :he c:r.:Tir.-. 
resist pulverisation by ordinar>- means. The panicles o: :he 
substances employed as building materials, as sioiv^ Vw»^ kt,. 
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are united very firmly together ; hence the great si 
thcuc substances ; and this is the case with all solids 
particles are, like the solids named, firmly bound ta^ 
We may here state, what has aheady been implied, that 
particle of a pulverised body possesses the same propn 
ijualities as the entire mass did before pulverisatiori. 

14. In some cases if the parts of the same substance 
have been divided are brought into very intimate coniac 
will unite j thus on pressing together two clean, smooth, and 
frmhly cut surfaces of lead, they cohere, and a force of some 
jJOUndH in required to separate them. In the same way, 
perfectly polished plates of glass cohere, sometimes so com- 
plolcly that they may be cut and worked as a single piec& 
Thii hoK not unfrcquently happened in plate-gh 
faciurlBi. No doubt two pieces of all substances might be 
timtlo to cohere, as lead does, if they could be broughi 
nullicionily intimate contact. When it is desired to unite two 
plotei of a metal like iron, which cannot be made to unite 
by niinply pressing them together, the cohesion between the 
[iflriklo of each piece is first weakened by healing them ; ih( 
conietiucnco Is they become quite soft, and can be readily 
lielit ( when they arc pressed or hammered together in this 
titate they cohere and form one piece ; this operation is termed 

I5> However compact a substance in the solid state maf 
appear, iti> molecules are not in actual contact, there are spaea 
or fortt, ftM the Npaccs are termed, between the molecules, 
'I'lie Klorentinc Academicians in 1661 proved the existenc* 
of |H)rca between the molecules of so compact a solid as gold 
they proved this by filling a thin globe of gold with water, and 
filter hcrniclically acnling its orifice subjected the globe to 
presume ; the result was, that the waterwas forced through the 
poreB of the gold, und appeared in the form of dew, on the 
Otllcr Kurfaee of the globe. In the building of the Britannia 
bridge it wn» also found that the water used in the enormoui 
hydrostatic presses employed to raise the tube, was freely forced! 
through the pores of the thick iron cylinders of the press." 
I ' No declare pruuf uf tlie porosity of viircoui bodies, such as glass, 
y« to tuvs bosa oUiined. That tbey lomt atmost a solimty chus of 
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ExPERlM£JfTS ON POROSITY f 

16. There are two kinds of pores, viz., sensible paces and 
^ys ieal p ores ; the sensible pores are apparent to the ey^ 

f ei'ther alone or aided by the microscope. Filtration is an 

application or utilisation of the porosity of certain substances, 

5 paper, woven fabrics, stones, &c. ; the sensible pores of these 

nubstances are sufficiently large to allow liquids to pass through 

m, but small enough to arrest the passage of solid particles 

ferhich may be suspended in the liquid. 

17. The physical pores are not apparent to the sight, and 
e the spaces or inter\-als between the molecules. 

18. The space between the molecules can be diminished 
a greater or less extent, in other words the molecules can be 

need nearer to each other by the action of external pressute. 
his propert)' is called compressibility, and is both a conse- 
pience and a proof of their porosit>'. 

Experimenls on Porosity. 

1. Immerse a piece of chalk in water, air-bobbles will at once begin to 
ascend to ihe surface of the liquid, in consequence of ihe water displacing 
the ail in the pores of the chalk. 

2. Ponr some water on a piece of marble ; the water will rest oa [he 
surface, it will not enter into Ihe pores, unless great pressure is used and 
for a sufficient length of time. Yet chalk and marble arc formed of the 
same coDsliloenls ; tbey differ only in their physical properties : and this 
difference is chiefly, if not entirely, due to Ihe cohesiveness being less 
between the panicles of the chalk rhan between the particles of the 
Dtarbte, and therefore the greater porosity of the former than of ihc latter 
substance. 

191 Different liquids possess different degrees of facility for 
penetrating the pores of solid bodies ; for instance, if polished 
marble is wetted with water very httle, if any, enters its pores, 
while oil, on the contrary, is rapidly absorbed by it ; and a bag 
of cambric or gauze, whose pores are \'isible to the eye, holds 
mercury securely, until sufficient pressure is applied to force 
out the liquid. 

20. As hltration is in constant use in chemical laboratories, 
and as it is also a utilisation of the porosity of substances, we 
will now describe the operation, and illustrate it with experi- 
ments. Filtration is employed for separating liquids from 

otherwise general rule seems highly improbable. It ts most likely 

bodies have not yet been proved to be porous tmly because we 

rered the proper mode of testing ibcm for this propervj . 
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solids, and usually is accomplished by passing the mixtj 
solid and liquid matter through filtering paper (a paper 4 
for the purpose) of proper size and shape, supportedS 
funnel. The pores of the paper permit the fluid, and the| 
dissolivd in it, to pass, whilst the undissolved solid matter Ij 
unable to pass through the pores, remains behind on ihel 
Sometimes, however, the undissolved solid matter is in sa 
finely divided slate that the filter does not at first intercrf 
the solid particles, some portion passing through the pt«( 
the filter ; in such cases the imperfectly filtered portion ( 
be returned to the filter until it becomes perfectiy bright 

21. If any coloured ^a\\A. dissolves in the liquid the lid 
even when perfecdy filtered, will not be colourless, but ^lA 

22. To prepare a filler, cut the filtering paper in cili 
form, and fold it so as to form a half-circle, and then t 
fold it at right angles to the 
first fold {fig. i); the paper 
ought to fall wholly within 
the funnel (fig. a). The 
paper, when placed within 
the funnel, must be mois- 



tened with water, and then 
the liquid to be filtered 
must be gradually poured 
on. The funnel is supported 
in one of the rings of the 
retort-stand (fig. z). 

23. The liquid which ] 




:s through the filter is called \ 



filtrate. When the solid particles are very heavj', the superi 
tant liquid can be separated from the solid, without passiia 
through a filter. This is accomplished by simply inclining t 



ressel, so as to allow the fluid to pass away unattended by the 
indissolved solid '; this is called de gintation; or the fluid may 
lie removed by a syphon. 

Experiments on Filtration. 

• 3, Mix some powdered chalk with water ; then pass the mixtiire 
irough a filler ; if the filtrate comes through turbiil af 5r3t (not clear), 
tuTD it to the tilter as oneii as is necessaiy to oblaio it pcrfecti]' clear and 
light. 

4- Miic some soil with water ; a portion of the soil will dissolve in the 
iter, and a portion will remain undissolved ; subsequently filter the soln- 
90 ; the filtrate will most probably be coloured, on accomit of some of the 
Joured. components of the soQ having dissolved in the water. 

24. We have yet to mention a remarkable class of iUustra- 
ons proving tbe porosity of solid bodies. Not only can gases 
iss through unglazed pottery, but hydrogen, the lightest of 
tiown gases, can pass through platinum and iron when they 
le red-hot ; but we must reserve any further remarks on the 
issage of gases through metallic and non-metallic septa until 
e treat on the motion of gases in Part II. 

25. The cohesive attraction between (he molecules of sub- 
ances varies not only in different substances, that is in sub- 
ances of unlike constituents, but also, as shown by Expt a, 
. some substances composed of the same constituents ; and 
1 alteration in the molecular attraction can in some solids 
; produced by artificial means, the difference in the mechani- 
\ properties of tempered and untempered steel, lor example, 
owing to the difierence in the molecular attractions produced 

y the tempering. 

26. It is owing to a natural difference in the molecular 
attraction in some solids, and to the alteration which can be 
effected in the molecular arrangement in others by the action 
of physical agents, that solids vary, or can be made to vary, 
in the properties of hardness, tenacity, ductility, and malleability. 
Silver, gold, and platinum, which are the most ductile and 
malleable of the metals, can be drawn out into the form of 
wire, or beaten out in the form of thin leaves to an almost in- 
conceivable extent without any rupture or breach of continuity 
between the molecules taking place. Platinum, which is the 
most ductile of metals, has been drawn out into wire so fine 
that it was only 0-00003 of an inch in diameter ; and 
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which is the most malleable of metals, has been beaten in 
leaves so fine that they were only about j„,'|„th of an inch iMd 

27. Ductility and malleability are not the same propeityf 
quality ; for the same metals are not always both ductile to 
malleable, or do not at least possess these properties in an eqa 
degree. Iron possesses ductility in a much greater degree th) 
it possesses malleability ; for it admits of being drawn im 
extremely fine wire, though it cannot be beaten into extremd 
thin plates. Tin and lead, on the other hand, are higW 
malleable ; they can be beaten into extremely thin leaves ; I 
they are not ductile, since they cannot be drawn into finewi 

28. A property the very opposite of malleability and dm 
tility is brittleness ; the molecules of brittle substances do no 
as in malleable and ductile solids, admit of any very ci 
siderable displacement without losing their cohesiveness; i 
other words a brittle substance cannot be much altered in fon 
without breaking. 

29. We must now explain the meaning of the mw 
propertie« we have been employing. By the term properties 
as applied to bodies, we understand the different ways in whic 
bodies present themselves to our senses, and we distinguisl 
general from specific properties. The former are shared by a 
bodies, and among the most important are inipenelrabU^ 
extension, divisibility, porosity, compressibility, elasticity, n 
and inertia. 

30. Specific properties are such as are observed in certal 
bodies only, or in certain states of these bodies ; such ai 
solidify, fiuidify, tenacity, ductility, malleability, liardness, i 
parency, colour, d^c. 

31. We have so far, in speaking of the cohesion of d 
molecules of bodies, confined and limited our descriptions aD 
illustrations to solid bodies ; we have now to notice how ti 
this attraction between the molecules of the same substam 
operates in bodies that are liquid, and in bodies that a 
gaseous at ordinary temperatures: 

32. As regards the particles of liquids, they have, as con 
pared with those of solids, no fixed position, on account of tl 
less cohesive attraction between them ; hence they glide or pa 
over each other with the greatest ease, being displaced I 



Cohesion i i 

slightest force ; liquid bodies on tliis account are capable 
issuming the shape of any vessel in which they are placed, 
there is nevertheless a greater or less cohesion between tbe 
ecules of liquids, which causes them to be more or less 
ous. But the cohesive power between the molecules of 
ids is more strikingly shown in the rounded form assumed 
ietached drops ; this is very beautifully exemplified in rain- 
ps as they fall through the air, and in drops of dew ; in these 
.11 masses, water, as is seen, assumes the spheroidal shape. 

33. The difference in the form assumed by large and small 
.ses of hquids is thus explained — in large masses the force 
^vity overcomes the cohesive force ; hence liquids acted 
n by the former force have no special shape ; they take 
, of the vessel in which they are contained ; and the free 
ace of the liquid is a horizontal plane perpendicular to the 
e of gravity. But in smaller masses cohesion overcomes 
force of gravity, and therefore in minute masses liquids 

ime the spherical or globular form. 

Hriments Illustrating the Tendency of Liquids in Small 
m Masses to Assume the Spherical Form. 

It Introdnce by means of a pipette (fig. 3) a drop of oil 
ifte middle of some alcohol which has been diluted with 
T to precisely the sajne speciHc gravity as the oil ; the 

liquids will not mix wiUi or dissolve each other, but 
}it will remain suspended in the diluted alcohol in the 

of a perfectly spherical mass. 

I. Four into a narrow-necked bottle a saturated solution of 
sulphate, add a few drops of carbon disnlphide, coloured 
ime iodine dissolved, which will float on the surface of 
doc solution. Then carefully add some distilled water 
I to make it test on the surface of the zinc solution and 
nil with it ; the carbon disnlphide will, if these conditions 

been obtained, collect in the form of a flattened spheroid, 
aiting the appearance of blown coloured glass, and will 
jrger than the neck of the bottle if a sufficient quanUty of 
:aibon compound has been employed. 

34. The Florentine Academicians made the ex- 
ment which has already been described {par. rs) 
for ascertaining whether sohds were or were not 
ms ; but whether liquids were or were not com- 

sible ; the liquid they operated upon, as already '°' '' 

iA, was water. As the globe was completely filled with 
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water, any pressure on it they expected would, by alieriug 
shape and diminishing its capacity, either compress the liqn 
if it were compressible, or, if it were incompressible, wm 
burst the globe. Neither of these expected results occu 
but, contrary to the expectations of the experimenters, the ( 
periment proved that gold was porous. 

35. The Academicians inferred, from the results of i 
experiment, that water was not compressible, and this opink 
was accepted as correct for some time afterwards : but laterU 
searches have proved that all liquids are compressible, but on 
to a slight degree as compared with eiihersolids or gases. The 
for a pressure equal to that of the atmosphere^ — 15 lbs. persqaa 
inch — mercury experiences a compression of o'ooooo5 part I 
its original volume, water a compression of 0-00005, ^nd el" 
a compression of 0-000133. The compressibility of liquids! 
however, greater the higher their temperature ; thus that 1 
ether at i4''C. is one-fourth greater than its compressibility: 
0° C. The apparatus employed for measuring the compr 
sibility of liquid is named the piezometer, the t 
derived from two Greek words, one signifying ' I compres 
and the other 'measure' 

36, As liquids are compressible their molecules, as infl 
case of solids, are not in actual contact, but are separated 1 
spaces termed pores. The pores in liquids are not so obrio 
as they are in many sohds, but it is none the less certain tl 
they exist in liquids as in solids ; this is proved not 01 
from their being compressible ; but also from the fact that H 
liquids that can mix together will, when added togelia 
often occupy a less volume than the two occupied before beii 
mixed. 

Experiment on the Porosity of Liquids. 

7. Half-fill wiih water a glass boule, in shape like the specific Erai 
bollle (fig. 47). ""■ fit'C'' "ilh a gfound stopper, then pour some alcd 
CBTefuU)' down the inside of the vessel, so as not lo mix the two LEqnii 
The bollle should be so filled that a few drops of alcohol are pushed ( 
when the stopper is inserted ; this must be done in such a ciueJiil maOB 
thai no air-bubbles enter the bottle. Raise ihe bottle between the thai 
and fingers, press the forefinger firmly on the stopper, and then invert t 
bottle several times so as to mix the two liquids together. When they a 
thoroughly mixed, it will be seen, on placing the bottle on the table, l^^ 
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_j|e T<»]Lnie ofihe mixed Uquids U less ihui they occupied before Uicy were 
-atJsi. hence proving theii porosSty. The same phenomenon may be ob- 
erred in iiiiiing many other liquids. If the water li coloured red with 

. . solution ii^f miline-red (magenta), il will be seen whether ihe alcohol has 
leeu sui^ccuiuliy introduced into the bottle. 

37. Whtn the external compressing force is removed, liquids 
llways regain exactly their original volume. Bodies which re- 
cover their original form perfectly on the removal of the external 
pressure are said to be perfectly elastic under compression ; if 
fliey only partially recover their original shape, their elasticity 
Vt said 10 be imperfect, and ihej' remain distorted i>ermanently. 
Alt liquids and gases are perfectly elastic, btit no solid is 

' jwrfectly elastic, this propert}' being always confined in sohds 
■'within certain limits. Imperfect elasticity giws rise to the re- 

nojkabk properties of ductility and malleability in some solids, 

properties we have already noticed. 

38. The ela.stidt)' we have been speaking about is called 
tiie elasticity of compresBion. Two other kinds of elasticity 
are recognised, vi/.., the elasticity of extension, and the 

■ dasticity of torsioiL Liijuids and gases possess only the 
^asticity of compression : the other two kinds are possessed by 
solid bodies only. The student is referred for further infomia- 
tioii on these two latter kinds of elasticity to works on natural 
l^losophy. 

39. There is no cohesive attraction between the particles 
of gaseous bodies ; they actually repel each other, and to such 
an extent does this repulsion extend, that the particles of a gas 
not confined in a close vessel, or suiijected to some external 
pressute, would disperse in all directions, owing to their mutual 
repulsion ; they, therefore, exert a pressure in an outward 
direction upon the sides of the vessels which contain them ; 
and the pressure is greater or less according as the elasticity 
of the gas is increased or diminished, 

40. Owing to the absence of any cohesive attraction be- 
tween their particles, gases are much more compressible than 
either solids or liquids ; by sufficient pressure they may be 
made to occupy ten, twenty, or even some hundr«l, times less 
space than they occupy under ordinary circumstances. There 
is, however, a limit beyond whidi, when the pressure is in- 
creased, they are converted into the liquid state. 
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45. Reacting against this and the other molecular forces— 
these we shall notice further on — is the repulsive power of 
heat ; and upon the relative intensity of these two opposing 
forces— cohesion and repulsion— depends the solid, fluid, or 
gaseous condition of matter. When the cohesive force prevails, 
bodies exist in the solid state ; when the repulsive power is in 
the ascendant, matter, as we have learned, assumes the gaseoos 
form ; and when the two forces are balanced, the liquid state ia 
the result. 

46. We must here explain the meaning of the term ' force '; 
' When a body is at rest it has no innate power of changing ils 
state of rest ; when it is in motion it has no innate power of 
changing its state of uniform motion in a straight line. This 
property of matter is termed its inertia. Any cause which sets 
a body in motion, or which changes the magnitude or direction 
of its velocity if in motion, is a. force. Gravity, friction, elas- 
ticity of springs or gases, electrical or magnetic, atlraction or 
repulsion, etc., aie forces. All changes observed in the motion 
of bodies can be referred to the action of one or more forces.' 

47. Before treating at greater length on the repulsive power 
of heat, it is desirable to notice another general property o( 
matter, viz. impenetrability. Impenetrability is that proper^ 
of matter which prevents two substances from occupying the 
same space at the same time ; we cannot, for instance cautt 
one particle or mass of matter to occupy the place of another 
particle or mass without moving or displacing it, and the oppo- 
sition met with in displacing it is temied its resistance. The 
most cursory observation is sufficient to inform anyone that 
solid and liquid bodies possess this property ; but it is not so 
readily apparent that gaseous bodies possess this property; 
because matter in the gaseous state can be displaced without 
sensible effort, and the gases most commonly met with are 
colourless, and therefore not evident to the sight. 

48. The impenetrabihty of the air is easily shown by in- 
serting a tumbler, mouth downwards, into a vessel containing 
water ; the water will not enter the tumbler, except the smaU 
quantity due to the compression of the air, on account of the 
tumbler being already filled with air. The diving-bell is an e». 
ceedingly interesting application of this property ; the bell may 



be saSd to be a lar*re mmbiler, -idiici is inserted month oowr.- 
mauds ID -m-irer ; ihe civer is i^enecilv ss^ in the belL owin£ :o 
the iin"Dc3>erribiI:rT of ihe -air ; the onlr cisacreeahie feelinc he 
ciperiejDceN. as ihe bel] desc4iads in the water, is dae lo the 
CDmpies^n oi the air. 

iDexQ> cic'tiin mire :e suk c.iri lTc ibe ea; of one liin'r l»:' the r;:r*e ir. inili::- 
niboes- ruC'irisg -izZI : iiLirctiace ibe niher iircb cfl" ihe mSe it:* £n iavened 
beaker : zht^ <qD«2* the hall a? iij;T-^'T ^ possihie and plare ihe beaker. 
moclh di'-trn-K-isc-i^. into a ressel ccc-iairiiu: waier : the wzier mil] d.c 
enter ihe heaker. cxcejc ibe small qiianiin- cae :o the Cinerpressicc of the 
air, e«j tccc*zz.i c>f iha: Tesse] beiri^ £"'ed miih air. Kemove ihe }vesiwre 
from ibe baH : ihe::. omiufr t.^^ the partial vacExm in the bil\ foaiie of the 
air in ihe br-sker mill pass- into i: lhr:»agh the tube ; as the air passe? oi:t 
of The -eaker. water mill ascead into it and occupv the jcuce the air hii 
occoried!. Whec: al] the air. ca- the voilcme scSdent tc- £" the btll, bis 
passed cci of ihe lieaker. again squeew the ball, mben ihe air mill asrer^d 
throc^ the m-aier into the beaker, and displace theroliaie of m-ater mhich 
had cctered it mhen the aii m-as mithdram^L 

491 The difficultj of pomin^ a liquid into a vessel having 
only one small hole arises m)m the impenena- ^ 

bility of the air. as the liquid can run into the 
vessel only as the air makes its escape. The 
following experiment lEiistrates that fact : — 

12. Fit np an ordinair mide-mocthed b:»rJe mith 
funnel tube and beni lulit as shcm-n in £g. 6. imrDerst 
the outer leg of the tulx: in a glass c.-^ntziring m-ster : 
then pour into the fannel m-aier in smr.T! quantities at 2 
time, and it will be seen iba:, as the maier descerids iuio 
the bottle, the air makes its escapie thr:»ngh the tc'rit, as 
is proved by the ascent c-f the TnclilJes of air in the 
water in the glass. F:^. f. 

50. It not unfrequently ha;'r>ens that srjdenis. when firsz 
commencing the study of practical chemistrv-, iind. to their sur- 
prise, that in performing a filtration the liquid dr>es not pars 
through the filter ; this i> due in many cises to the leg of the 
funnel fitting air-tight into the mouth of the vessel ir-to which 
the funnel dips : hence as the air cannot escaj,.e fijTn the vessel, 
the liquid cannot enter. The fol-owing exp»er:r::en is ^-iven 10 
impress this fact on the student's mind : — 

13. Fit the leg of a funnel air-tic^: ir-io :ht r.t^A: -.f 3l Vyi'/e :n- m^arr^ 
of a perforated cork ^fig. 7, ; then place 2 titer in :he farj^ei 2.w'a i^'A« •, 
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only B small quantity of ihe liquid will enter the bolile, owing to ll 
pcnetiabilily of [he air. The wnall quantity of the liquid which eD 

due to the compression of the air by the liqnid il 

funnel. 

51. As impenetrability and dispkcei 
are being constantly applied by the chf 
in coilecling and storing gases, this is the 
appropriate place in the book for expUi 
to the student the apparatus, &c., empl 
for collecting gaseous bodies. 

52. All my readers will have noticed' 
vessels — gas-holders — employed at gas-« 
for holding the gas ; these vessels ma; 
likened to a tumbler placed with its m 

'"" ' downwards in a vessel containing water 

the first start the holder is filled with water ; then as the 
passes into it the water is displaced, and this is continued 
the holder is full of gas, and the gas being lighter than 1 
the holder rises in the air : when the gas is being drawn off 
the street-mains the water re-enters the holder, and it 1 
sinks into the outer vessel. 

53. All gases are collected 
some liquid or gaseous body ; 
much heavier or lighter than 
displacing the air in the vessel 
When the gas to be collected 
tube from the vessel in which the gas is generated must 
down to the bottom of the collecting vessel, a piece of 
or a glass plate partially covering the mouth of it, ( 
the time it is being filled with the gas ; when it is fiUe) 
delivery tube must be removed, and the mouth of the b( 
closed as speedily as possible with the stopper. When iW 
gas is lighter than air, the extremity of the delivery tube 
pass lipivards instead of downwards, and the vessel in 
the gas has to be collected must be inverted over the extremitfi 
of the tube, the latter passing up to the bottom of the vf 
The collecting vessels employed in both these cases are y 
mouthed glass stoppered bottles of about a quart size. 

54. By the other methods for collecting gases, the ve 
in which they have to be received are first filled either 



in the laboratory by displaj 
ji-hen the gas to be collect! 
lir, it is frequently collecte 
in which it has to be colli 
i heavier than air, the del! 
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[ bore straight, and especially equal. It is necessary, in 
3 make an equal bore, to introduce the file altemately, 
each end of the cork ; the hole can, of course, be made of 
1 size by filing, and employing larger files as the size of the 
erture increases, 

60. After having selected a piece of hard glass tube of the 
)per bore and thickness, the next thing, if it does not require 
iding, will be to cut it into the required lengths. For this 
pose, a mark is made round the tube, at the proper place, 
h the edge of a three -cornered file ; the tube is then held in 
: hand as you would a stick you were about to break ; a slight 
i sudden pressure is then exerted at the mark, which causes 
tube to break evenly in two. The depth of the mark made 
1 the file must vary with the thickness and diameter of the 
\ and in filing very small or thin tubes, the manipulator 
it not press too much on the file, otherwise the tube will be 
iken. When a tube has to be introduced into a cork, it is 
Pessary to round its sharp edge.s before doing so, else the 
irill be so cut and torn that it will be rendered perfectly 
iS. To effect this, the tube must be heated in the flame 
;as or spirit lamp ; it must be heated gradually, so as to 
nt its cracking, by holding it near the flame at first, and 
degrees introducing it. As soon as the edge becomes 
ntly red-hot, the thing is accomplished, and the tube ought 
I to be removed from the flame, otherwise the opening at 
■ extremity might contract, which, to say the least, is better 
bided- If the heat of the lamp be not sufficient to round the 
ges it must be rounded in the blow-pipe flame. A hot tube 
ot be laid on any cold surface, and it must be allowed 
cool before inserting it into a cork. The perforation in the 
t must, if anything, be a trifle smaller than the diameter of 
t tube which has to be inserted, in order that the connection 
ly be perfectly air-tight. The best plan of fitting the tube into 
i cork is to screw the tube, holding both it and the cork 
niy, the first close to the extremity which has to be inserted ; 
S tube may be greased very slightly at the part to be introduced. 
, Gas jets are sometimes required in the combustion of 
; they are made in the following way : — a hard glass tube 
% the proper diameter and thickness is heated in a spirit or 



24 Fundamental PxixcwiLEs op Cbemistuy 

f;as lamp, at such a distance from one extEemity thattfaoeif 
sufficient left as a handle for the manipalator. and abo: 
(icntly remote from the part to be heated that it doei 
become insupportably hot. The part to be heated is to 
t»rought, not into the flame, but into the cuixent of hot flij 
which passes off in the same direction from it, andtbetoki 
to he turned, so as to become heated all round, and also i 
a little to the right and left, that the temperature of thei 
hoiiring parts may be raised. After a few seconds^ when lk| 
f;laKs has become hot, it should be brought towards the poitf| 
of the flame, and ultimately into it, being tMrmd rmadi^it 
time, and also moved laterally, though not to the sameextesta 
before. When sufficiently soft it is drawn out into aoqiShi^ 
as shown in fig. 13. The two ends are then separated atabotf 




Fig. 13. 

the fontrc of the portion drawn out. The elongated extremitjci 
the etui to be used is filed down until the orifice is of sufikiaK 
si/.i' ; it is then rounded at the edges in the flame of tbebof 
62. 'i'he flame of a gas lamp, using a fish-tail burner, is 
siirfuii'iu for bending ordinary glass tubing without the aidoftbe 
blowpipe-. 'Die tube must be heated about an inch in length 
imilonnly ; il must be supported by the hands on each siderf 
the |):irt to be heated ; it mustbegradually introduced into the 
jlaiiu', ill ihe way described in the preceding paragraph, and 
turiird round continually during the process of heating, as there 
siaU'd. Hoth ends must be turned alike, and in such a^y 
tiial the heated part, when soft, shall retain its cylindrical 
shapi*, being neither twisted, nor bent, nor elongated, nor 
thrust up. When the glass has become sufficiently soft, remove 
it from the flame, and gently bend it to the desired shape. 
'I'hc bend ought not to become flat at the convex portion, 01 
in folds a I the concave ; to avoid these imperfections, the glasj 
ought ncjl lo be made too soft, it ought to be heated uniforaib 
t(j the length of about an inch, and the bend ought to be madt 
very round. The side of the tube last exposed to the flami 
will be slightly hotter, and therefore softer, than that which i 
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s hotter side should form the 
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bppsite to it. Thi 
E the bent tube. 

I 63. Vulcanised india-rubber tubes are employed for joining 
s tubes; they can now be purchased of any size, and there- 
e.the chemist has no need to make them. In connecting 
s tubes by means of the rubber tubing, the ends of the glass 
;s should not be brought quite close together inside therubber 
pnnector, but should be left a very slight distance apart, in order 
^ allow of a certain degree of flexibility. ]f the vulcanised 
her tubing does not fit the glass tube air-tight, it must 
e tied on with some silk cord. 

64, The manipulator having carefully attended to the pre- 
LStructions, will experience very little difficulty in fitting 

p the different apparatus now to be described. 

65. Apparatus for generating ga8QS> heat not being re- 
Itlired. — -A bottle, with two or three separate openings, called 

JWottlfe's Bottle, is a very convenient vessel for generating 

en heat is not required. It need only have two open- 

; one for the funnel tube, which serves for the introduction 

I* liquid, and which must pass down nearly to the bottom of 

e vessel, being covered by the liquid in the vessel to the ex- 

Sit, at least, of half an inch ; the other, for the conveying of 

e gas to the receiver ; this is called the delivery tube ; it need 

illy project into the bottle a trifle beyond the cork. The de- 

pery tubes are of various shapes. If the bottle is provided 

Hth three openings, the middle one can be closed with a plain 

^k, and be used for introducing any solid substance into the 

Wide-mouthed bottles may be used in the place of 

toulfe's bottles j the only objection to them is the difficulty 

f making them air-tight, as large corks, free from pores, can 

Udom be obtained. If any of the corks.be porous, it will be 

Hvisable, after the cork has been fitted into the apparatus, to 

Bint the top of the cork with a solution of sealing-wax In spirit 

twine. But if the tube does not fit the perforation in the 

Brk perfectly air-tight, a paste, made with linseed meal and 

■ better still, with lime-water, ought to be used for 

slopping the leakage. Gases should not be generated too 

rapidly ; if an acid be employed for disengaging the gas, it 

ought to be added by degrees, commencing with a little, and 
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when ihe gas begins to be disengaged siowly, to add a liiile 
mote, &c. The delivery tubes are, as we have said, of various 
shapes; fig. 14 represents a Woulfe's bottle fitted up in the way 
just described, the delivery tube being made of the shape re- 
quired for collecting the gas at the pneumatic trough, or in the 
gasholder. The other (fig. 15) is fitted up for collecting the 
gas by displacement, or for passing it through a solution. 
Sometimes it is necessary to wash the gas, which is done in the 
following way; a wide -mouthed bottle, capable of holding 
about half a pint, is fitted with two tubes, as shown in fig. 16, 
one of which, a, should be about half an inch in diametei, 
straight, and of sufficient length to reach nearly to the bottom 
of the bottle, the water in which ought to cover the tube to the 
depth of half an inch ; the other {the delivery tube) should only 





just pass through the cork, and be bent according to the mode 
of collecting the gas. The dehvery tube of the vessel, in which 
the gas is generated, is made to pass down the tube a, and 
project a little beyond it in the bottle ; the gas will then rise 
up through the liquid and pass off by the delivery tube !• of the 
washing-bottle. 

66. Apparatus used in the diseii^a.gement of gases, heat 
beinf required. — Flasks, test-tuhes, and retorts are the ordin- 
ary kinds of apparatus used for this puqiose. Figures 16 and 
17 represent the first two, with their different fittings and con- 
nections. The first are used in preference to retorts on account 
of their cheapness, and the second are the most convenient 
when only a small quantity of gas is required. The materials 
used in the productioa of a gas ought only to occupy, at 
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wt, one third of the space in the generating vessel, whether 

frheat be employed or not. When the materials for the produc- 

I tion of the gas consist of a hquid and a powder, the liquid 




Ibught to be put into the vessel first, and after the powder has 
peen added, they ought to be well mixed by shaking the vessel 
before heat is applied. 

67. Heat has to be employed in a great many chemical 
operations ; gas is the most convenient and economical fuel; 
it requires to be Hiixed with a certain quantity of air in the 
tube of the lamp before being burnt, so as to prevent the de- 
posit of any soot on the vessels. A cheap and most convenient 
. lamp is that called Bunsen's gas-burner; it consists (fig, 19) 
t of a brass tube, a, h ; these tubes are made of different dia- 
Ljneters ; air enters by holes at c, the amount being regulated by 




s of a small slide, which closes them wholly or partially as 

»ay be required. The gas enters at d; when a more diffuse flame 

8 required an iron rose (fig. 20) is screwed on to the top, the 

n of which is perforated with a number of small holes. When 

i cannot be obtained, wood naphtha or methykted spirit is 
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the fuel usually employed ; where a great amount of heat is not 
required it is burnt in the lamp (fig. 21). When the lamp is 
finished with, the cap ought to be placed over the wick in order 

to prevent the loss of the liquid by evapora- 
tion. The cap ought not to be used as an 
extinguisher, because the air in the cap be- 
comes, if it is so used, so rarefied that it 
is afterwards difficult to remove it, but the 
flame ought to be blown out before the cap 
is replaced. The heat ought to be applied 
gradually for two reasons: (i) in order to pre- 
vent the breaking of the vessel, which is 
almost sure to be the case if the heat be ap- 
plied suddenly ; (2) to prevent a tumultuous 
disengagement of the gas ; when the evolu- 
tion of the gas diminishes in rapidity, the 
heat ought then to be increased. A retort or 
flask is supported on one of the rings of a retort-stand (fig. 
22) ; a test-tube is held over the lamp by the fingers. 
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Fig. 22 



Examination Questions, 

14. Define the meaning of the word * matter ' as applied to the material 
world. 

15. Describe the operation called * welding.' 

16. Define the meaning of the terms * particle ' and * molecule.* 

17. What precautions are necessary in getting out of an omnibus in mo- 
tion, so as to avoid falling to the ground ? assign a reason for what you 
state. 

18. State the difference between specific and general properties. 

19. What properties are bodies said to possess when they admit of 
being bent without breaking, and retain the form they have been made to 
assume ? 

20. Define the meaning of the term inertia as it has been employed in 
the text. 

21. What are the external signs by which the existence of matter in 
its various forms is made evident to our senses ? 

22. Give a sketch of the apparatus you would employ, and in its proper 
position, if you had to collect a gas lighter than air ; also the apparatus for 
a gas heavier than air ; each of the gases being collected by displacing the 
air in the receiving vessel. 

23. When the term * hard ' is applied to solid bodies, what does it 
signify ? 

24. What is meant by the terms * soft ' and * brittle ' when applied to 
solid bodies? 

25. What is meant by the term * elasticity * when applied to bodies ? 



w 



CHAPTER II. 



6 



IT— que; 



. The molecules of all substances are under the influence, 
as has been previously stated, of two contrary forces ; one 
of which tends to bring tbem together, the other tends to 
separate them from each other. According to the manner in 
which the molecular attraction — the attractive force— operates, 
it is designated by the teuns cohesion, adhedon^ or chemical 
affinity ; cohesion has already been explained ; adhesion and 
affinity will be explained subsequently ; the opposing force has 
here to be considered. 

69. The repulsive force exerted between the molecules of 
substances is developed by the action of heat ; hence one of 
the effects of heat upon bodies is to cause them to expand, in 
other words, to increase in volume ; and also to change the 
state of aggregation of solids and liquids — that is. it causes solids 
to pass into the liquid state, and liquids to pass into the gaseous 
state. When a solid body, for example, is exposed to the in- 
fluence of heat, it expands according to thne dimensions, viz. 
I. In length, called its //war expansion. 2. In surface, called 
its superficial expansion. 3. In volume or bulk, called its 
fW^/tra/ expansion : and when the solid is perfectly homogeneous, 
it expands uniformly throughout its entire volume. The in- 
crease of surface is twice, the increase of volume is thrice, the 
increase of the linear expansion ; and one of these expansions, 
it may be observed, never takes place without the other. That 
solids increase in volume by increase in temperature is easily 
ihown : an iron or brass ball, which just goes through a ring 
fvhen cold, will not fall through it when heated ; but if left on 
:he ring will, on cooling, fall through it. This experiment not 
3nly proves that solids expand on being heated, but it likewise 
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proves that they contract on cooling. There is a very common 
and useful application of the expansion and contraction of 
solids in the hooping of the whtels of carts, carriages, &c. ; the 
hoop or band of iron is purposely made less than the wheel 
itself, so that it cannot go on when cold ; but when it is heated 
it expands sufficiently to be placed on the wheel, and when in 
its proper position cold water is poured upon it, which causes 
it instantly to contract and bind the wheel tightly together. 

70. Solids dilate pretty regularly, at temperatures between 
the freezing and boiling points of water ; consequently, equal 
increments of heat correspond with equal increments of volume. 
At higher temperatures, the expansion proceeds at a greater 
rate than the successive additions of heat. The degree of ex- 
pansibility varies, of courae, in different substances. 

71. One or two solid bodies are known which, at least 
within certain limits of temperature, form exceptions to the 
general rule of expansion by heat, for they contract as the 
temperature is raised up to a certain degree of temperature. 
An alloy consisting of 2 parts bismuth, i part tin, and \ part leid 
expands when heated from 0° to 44° C. ; when still further heated, 
it contracts^ so that at 56° its density is the same as it was at 0°, 
and at 69° still greater ; beyond this temperature, expansion 
again takes place ; at Sy'g" the alloy has once more the same 
density as at 0°, and at 94° the same as at 44°. 

72. Liquids, like solids and gases, expand when they are 
heated and contract when they are cooled ; they expand pro- 
portionately much more rapidly than solids ; they differ also 
in expansibility to a much greater extent, the most volatile 
being generally the most expansible. The rate of dilatation of 
liquids is not generally uniform, like that of solids and gases, 
it increases with increase of temperature ; and as the liquid 
approaches solidification on the one hand, and the point of 
vaporisation on the other, other irregularities in its contraction 
and expansion take place. 

73. Water is a most remarkable exception to the law rf 
expansion by heat and contraction by cold ; it contracts on 
cooling like other liquids until it reaches the temperature of 
4° C. (39-2° F.) ; at this temperature it attains its greatest 
density, for on further cooling it begins to expand, and jt 



Expansion and Contraction 31 

jefore it begins lo freeze, its volume at that temperature and 

t 9° C. are equal : if then the temperature of water either 

ses above or sinks below 4° C. the water expands. On freezing 

e expansion is so great and sudden that the force exerted is 

pormous ; thick iron shells, filled with water and their fuse- 

|oles securely plugged, when they have been exposed to the 

'ere cold of a Canadian winter night, have been found split 

the morning. In our comparatively mild winters we 

: made aware of this great expansive force in the bursting 

Jwater-pipes and breaking of vessels by the freezing of the 

rater they contain ; the expansion is nearly ^V ^^^ volume of 

^e water, The student must, however, note the distinction 

ween the expansion on freezing, and the expansion as the 

iRater cools from 4° C, to the point it begins to freeze ; it is 

[his latter expansion that is anomalous, for no other substances 

Rfeesides water expand on solidifying, 

74. The freezing of water in the joints and crevices of 
>cks acts as a disintegrator and pulveriser even of the hardest 
f them, thus facilitating the chemical action of the carbon 
ioxide in the air in converting rocks into fruitful soil. This 
Biomalous expansion makes water perform other important 
pnctions in the economy of Nature ; were it not for its ex- 
n after a certain temperature is reached, lakes and rivers 
JBDUld become solid masses of ire in winter, which the summer 
heat would not be sufficient to melt, and all aquatic life in 
these waters would necessarily perish. This is prevented, 
owing to the cooling taking place at the surface ; the surface 
water becoming heavier than that underneath sinks and is re- 
placed by less dense water; this replacement of the surface 
water by that underneath continues until the whole mass 
acquires a temperature of 4° C. ; when this temperature has 
been reached the surface water ceases to sink, owing to its 
becoming of less density than the water underneath ; and the 
lighter water on the top protects that underneath from a further 
reduction of temperature owing to its bad heat-conducting 
power i and when it solidifies by further cooUng, the ice formed 
remains on the surface, because its density is less than that of 
the water underneath. When the surface is frozen, the tempera- 
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lure of the deep water remains at 4° C. ; aquatic animals ai 
thus kept in a temperature high enough for their existence. 

75 Several methods have been devised for determining tb 
maximum density of water ; the one we describe is that devisei 
by Hope it consists of a deep glass tube-shaped vessel (b 
lecture experiments it is frequently made of tin as it renders 1 
less costly) having two latert 
openings, one near the top ai 
the other near the bottom j 
thermometer is placed in e 
of these openings (fig. 23), ' 
tube is filled with water, i 
its middle is surrounded witJt 
a freezing mixture. ' The ft 
lowing phenomena will t 
be observed. 

76, ' The lower thernHV 
meter descends steadily t 
C, and there remains ! 
tionary. The upper thermo- 
meter at first undergoes veij 
little change, but when tl 
''"■ '*■ lower one has reached tl 

fixed temperature, the upper one begins to fall, reaches ll 
temperature of zero, aud, finally, the water at the surface freeze]^ 
if the action of the frigorific mixture continues for a sufficient^ 
long time. These facts admit of a very simple explanation, 

' As the water in the middle portion of the tube growt! 
colder, its density increases, and it sinks to the bottom, 
process goes on till all the water in the lower part of the v 
has attained the temperature of 4°. But when all then 
from the centre to the bottom has attained this temperature, ai^ 
further cooling of the water in the centre fails to produce naotioi 
until needles of ice are formed. These being specifically light! 
than water rise to the surface, and thus produce a circulatic 
which causes the water near the surface to freeze, while ti 
near the bottom remains at the temperature of 4'"(Deschaner 
77. Salts dissolved in water lower its point of maximui 
density, common salt (sodium chloride) especially \ in sea-wai 
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ich contains an abundance of common salt, the maximum 
Ssity occurs at ^ydS," C. (25-38° F.), a temperature below its 
King-point. 

i 78. The only body in the liquid state whose variation of 
|nme through a considerable range of the thermometric scale 
fcund to be exactly proportional to its change of temperature, 
jnercury. 

I 79- Fi'om what has been stated with regard to the expan- 
of solids by heat the student will at once see that the 
e of expansion of any liquid, in a vessel, is not its real or 
wlute expansion, but only its apparent expansion ; in order to 
;t the absolute expansion of a liquid, the changes in the 
bacity of the vessel at the same temperature which contains 
f liquid must be determined ; the apparent expansion of a 
' " f therefore equal to its absolute expansion for the same 
rval of temperature diminished by the corresponding expan- 
9 of the containing vessel. 
" ~ , In the expansions of liquids, the cubical expansion is 

e considered, 

' 81. All gases, on account of the absence of any cohesive- 
ness between their particles, expand alike, the pressure being 
the same for equal additions of heat; the rate of expansion 
being equal and uniform at all degrees of temperature ; they 
expand rather more than one-third their volume on being 
raised from the temperature at which ice melts to that at which 
water boils at the ordinary atmospheric pressure. Theexpansion 
of gases is more fully treated of in Chap, III. 

82. The two prevailing opinions with regard to the nature 
of heat, are the theory of emission, and the theory of undulation. 

83. According to the first theory, heat is a subtle imponder- 
able fluid, which surrotinds the molecules of bodies and which 
can pass from one body to another. According to the other 
theory, which is the one now generally accepted, the heat of 
i. substance is caused by the oscillatory motions both of the 
particles of bodies, and of a very subtle medium which is con- 
sidered to pervade all space, and which is capable of trans- 
mitting a vibratory motion with great velocity. ' A rapid 
vibratory motion of this ether produces heat, just as sound is 
produced by a vibratory motion of atmospheric air, and the 
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transference of heat from one body to another is effected by 
the intervention of this ether.' Heat, according to this view, is 
not a substance, hut a condition of matter, and a condition 
which can be transferred from one body to another ; it is, in 
short, looked upon as a fortn of -motion. 

84, The general effects of heat we have already noticed; 
here we will make one remark before going further into the 
subject : — whenever, as in the case of heat, we have to speak 
of any agent whose nature is unknown, the expressions and 
allusions we employ in regard to it must necessarily possess a 
degree of vagueness ; and to those students who require exact 
definitions, they must appear unsatisfactory. This vagueness 
is further increased if different views have prevailed at different 
times as to the nature of the agent, because the terms which 
have been employed under one theory are frequently retained 
when other and totally different views prevail. These few 
general observations on the terms employed we have thought it 
necessary to make, in order to show the student that the terms 
which may appear vague and unsatisfactory to him are equally 
so to all who study the subject. 

85. The term heat we apply to the agent ; the term 
temperature we apply to that portion of heat in a body which 
we can perceive by the senses. The temperature of a body 
can be increased or diminished. If two bodies of different 
temperatures are brought together, the one containing the most 
sensible heat— in other words, having the highest temperature 
— will lose heat, which the body with the lower temperatuit 
will absorb. This imparting of heat by the one body, and the 
receiving of it by the other, will only cease when they have 
both arrived at the same temperature. If, therefore, we bring 
the hand, or any other part of our body, in contact with a 
substance having a higher temperature, heat is imparted by 
that substance to the hand, and we experience the sensation 
we term heat, If, on the contrary, the hand is warmer than 
the substance, it imparts some of its heat to the substance, and 
we then experience the sensation we term cold. The student 
will observe, from these illustrations, that heat and cold are 
merely relative terms. 

86i Our sense of touch cannot be employed to ascer 
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p correct temperature of substances ; for that will only tell us 
lether the suhstarice has a higher or a lower temperature at 
; time than that part of our body which comes in contact 
Ji it. The same body might even be made to be feel both 
t and cold af the same moment, if we made one hand hotter 
d the other colder than the body, before we brought them in 
stact with it. For the same reason, we pronounce a cave cold 
summer, hot in winter, although the temperature of the cave 
,y have remained the same. To measure the correct tempe- 

'eof bodies, we have recourse to the physical action of heat 
bodies. These actions are of various kinds. Expansions and 
ttiactions have been adopted, as being the easiest to observe. 
L heat also produces electrical phenomena in bodies, on 
ich very delicate methods of observing temperatures have 

1 based. 

87. Instruments termed thermometers (from flsp/iof, hot, 
pov, a measure) are employed to measure temperatures up 
[bout 6oo'' F. Instruments termed pyrometers (from Triip, fire), 

employed to measure temperatures higher than 600" F. 

88. Although bodies in each of the three states of aggrega- 
1 expand on being heated and contract on cooling, they 

not equally suitable for thermoscopic agents. Solids, as 
ul^ are not suitable, as their expansion is comparatively 
relight ; their increase, therefore, in volume for an increase of 
temperature cannot be easily or accurately observed. Air is 
much more delicate in its indications of temperature than 
liquids, and its expansion being uniform at all degrees of tem- 
perature (par. 81) would render it the best thermometric agent, 
■were it not that a difference in atmospheric pressure, indepen- 
dent altogether of temperature, causes an alteration in its 
volume. Elaborate and special contrivances, consequently, are 
required to render it a reliable thermoscopic agent ; its use is 
therefore limited; it is chiefly used in ascertaining the specific 
gravities of volatile substances, and other delicate experiments. 
l,iquids, as a rule, are best suited for measuring changes of 
temperature, and the liquids used for this purpose are mercury 
and alcohol. 

89. Mercury is the best thermoscopic agent for general 
purposes, for it has the widest range between its solidifj'ing 
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and boiling- point of any liquid ; it also more nearly resemb 

gases in uniformity of expansion for equal increments of hea^ 
at ordinary temperatures, than any other liquid (par, 78). 
is likewise easily purified; it is also a very good conductor 
heal, and therefore becomes almost immediately of the same 
temperature as the substance it comes in contact \ 
owing to its calorific capacity being very small, the heat it 7^ 
stracts from the heated body it is in contact with causes such » 
slight change in the temperature of the heated body, that tl 
slight lowering of temperature may be generally neglected, aii<^ 
owing to its small calorific capacity, it is rapidly heated wS: 
cooled. 

pa Alcohol is employed to measure very low temperatur«i 
as it does not solidify at the greatest known cold. 

91. We must refer the student to the general works W 
chemistry and physics for descriptions of the differential therrtnh 
meter, the thermo-electric multiplier, the self- registering ther- 
mometer, the air-thermometer, the pyrometer, — in fact, all the 
varieties of heat -measurers but the mercurial thermomeleft 
which all my readers will have seen, at least in its most inac- 
curate form, viz. that used for common purposes, and which S 
provided with a boxwood scale. 

92. We shall not enter into the minutije for constructiBgl 
a mercurial thermometer ; but we will very briefly state Al 
essentials and the mode for testing its accuracy, as it is a vo 
important and indispensable instrument in most physical ao 
chemical researches. The first essential in the manufactured 
to select a capillary glass tube of uniform bore throughout il 
entire length, so that equal lengths of the tube will contain eqm 
volumes of mercury. To ascertain this, a small drop of mere 
is introduced into the tube, sufficient to fill about one inch \ 
the lube. The mercury is gradually moved from one end 
the lube to the other, and its length is measured in each s 
cessive position. The length, of course, should be the samft 
every part of the tube ; if it be not, the tube m 
Having selected the tube, the next thing to be done is to bloi 
bulbupononeendofit. The ordinary shape of the bulb is spheri- I 
cal, but an elongated tubular -shaped bulb is more convenient in I 
most chemical investigations, and as it exposes a much larger sui- 
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ice for the conduction of heat, in proportion to its capacity, it is 
[pnsequently more sensitive. The thickness of the glass is an 
piportant point ; if too thin it is liable to be altered in shape 
y ihe pressure of the atmosphere, and thus the graduation 
iould be rendered inaccurate ; and if it be too thick, it will 
•nder the instrument insensitive. The instrument is now 
•ady to be filled with mercury, if the interior of the tube is 
lOTOUghly clean and dry, ' The following is the most perfect 
lode of filling the thermometer with mercury : — A sufficient 
»igth of the tube, a b, is marked off to form the stem of the 
^erraometer, and a second bulb, rather larger than the first is 
[loughly blown at b. When the bulb is half-cooled, the open 
d of the tube is held in pure and well- boiled mercury, which 
raduaily rises into the first bulb. By inverting the position of 
e tube, and alternately heating and cooling the lower bulb {a). 



tufficient mercury may be made to pass from b into a, almost 
a tittle remaining over in b. The whole tube is now 
lield by the handle, shown in fig. 24, over a charcoal fire 
or a series of powerful gas-burners, so as to be strongly and 
uniformly heated throughout its whole length. The mercury 
boils easily and its vapour drives out every trace of air or 
moisture. When this is thoroughly accomplished, and the 
mercury yet boiling, the open end of the tube, which must not 
be very hot, is thrust against a piece of seahng-wax, and then 
at once withdrawn from the heat. As the tube cools, a little 
wax.is drawn in, and, in time becoming solid, prevents the en- 
trance of any air. \Vhen quite cool, the mercury perfectly fills 
the whole of the lower bulb and tube. Let the tube be txow 
inclined, and the lower bulb raised to a temperature rather 
higher than the thermometer is intended ever to indicate. A 
part of the mercury is thus expelled, and as the column begins 
to retreat again on cooling, the tube is to be melted and her- 
metically sealed just below the bulb b, which is then drawn off. 
The perfection of the vacuum thus produced within part of the 
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lube may be known by the mercury running freely up and 
down, especially if ihe tube be not very fine. This process is 
more simply but less perfectly performed by some makers, who 
omit the second bulb, and place the mercury in a little funnel 
of glass or paper affixed to the open end of the tube.' At the 
time of sealing the tube, it contains, or at least should only 
contain, mercury and vapour of mercury, all trace of air and 
moisture having been expelled by boiling the mercury in the tube. 

93. The thermometer has, of course, to be graduated, thai 
is, provided with a scale to which variations of temperature 
can be referred ; and in order to be able to compare one ther- 
mometer with another, it is necessary, in the graduation of 
thermometers, to select tivo standard temperatures as fixed 
points ; the temperatures which have been universally chosen, 
are those of nuliing ice and boiling water. The thermometer 
ought not to be graduated immediately after it is sealed, as the 
bulb contracts, and does not attain its fixed dimensions until 
some months after the sealing ; consequently, if the iixed 
points were determined before the bulb arrived at its fixed 
capacity, the graduations on the scale would indicate a tempera- 
ture higher than the true one from a quarter to half a degree. 

94. Owing to a frequent rise in the melting-point after 
graduation, which is generally supposed to be due to atmo- 
spheric pressure, the question whether the boiling-point or the 
freezing- point ought first to be determined is a matter not 
settled. Most scientific men consider that the freezing-point 
ought to be determined first; others, on the contrary, think 
that the boiling-point ought to be taken before the freezing' 
point ; whichever plan be adopted, a considerably long inlerral 
ought to elapse between the taking of the two points. 

95. To determine the freezing-point the thermometer is 
placed upright in a vessel containing snow or finely pounded ice, 
and which has a hole at the bottom to let the water drain away as 
the ice melts. The whole of the mercury, both in the tube and 
in the bulb, must be surrounded with ice, and must be left in it 
for half an hour ; the ice may then be removed just sufficiently 
to allow a mark to be made at the top of the mercurial column j 
this mark of course represents the ^xiint on tlie scale at which 
'ce melts ; the instrument is now removed. 
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96. ' The boiling-point is ascertained by placing the ther- 
nometer vertically in a cylindrical metal vessel, so that the 
lulb shall be close above the surface of distilled water in rapid 
'buUition, the whole of the mercurial column being likewise 
aised to the same temperature as the bulb by the rising vapour. 
iTie water having been thoroughly boiled for a length of time, 
ind the mercury standing quite stationary, a raark is made at 
he top of the mercurial column, and this must be done while 
he boiling continues uninterruptedly. As the boiling-point of 
rater depends entirely on the pressure of the air at the time, 
he pressure, by means of the barometer must be determined. 
fit stand at 760 millimetres (or 30 English inches), the tem- 
lerature of boiling water is exactly ioo''C (212" F.). If not, 
he temperature must be calculated, allowing a change of + 
;"€. for every divergence of pressure equal to ± 267 milli- 
aetres (or i'?!" F. for every inch of pressure).' 

97. The two fixed points having been marked on the tube, 
he distance between them is divided into equal parts, termed 
£grees. The degrees are designated by a small cipher placed 

little above on the right of the number which marks the tem- 
erature ; and, to indicate temperatures below zero, the minus 
ignisplaced before thefigures thus ; — 15' signifies ij^belowzero. 
n iMwrafe thermometers, the scale is marked on the glass itself, 
which is accomplished by covering the glass with a thin coating 
of beeswax, then marking the divisions and numbers with a steel 
point, and subsequently exposing the thermometer for a short 
time to the action of hydrofluoric acid gas : where the wax has 
been removed by the steel point the glass is etched by the gas. 

98. There are unfortunately three different thermomeiric 
scales, viz., the Centigrade, or Celsius (the latter the name of 
the person who invented the scale), the Fahrenheit scale (this 
scale originated with an instrument-maker at Dantzic), and the 
Reaumur scale. The Centigrade scale is adopted on the Con- 
tinent, especially in France, and it is the one most generally 
employed in scientific investigations. The Fahrenheit scale is 
universaliy employed in England for ordinary purposes, and 
frequently in purely scientific investigations ; it is also employed 
in America and Holland. The Reaumur icale is employed in 
Russia and Germany. 
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Kt a convenient distance ahove the first, and dividing the in- " 
tervening length into an arbitrary number of equal parts. Thus 
all is arbitrary ; and there is no peculiar virtue in the two poinis J 
which have been chosen, other than that they can be easilf 
determined with accuracy, and include between them the rai^ 
of temperature with which we are usually most concerned.' 

105. When a thermometer is introduced into melting io 
the level of the mercury in the tube should stand exactly atti 
point of the scale which indicates this temperature ; and wlif 
it is suspended in the steam of boiling water, the level of t( 
mercury should stand, at the standard pressure, exactly at ll 
point of the scale which indicates the temperature of boiling 
water. To ascertain whether the value of the degrees is uni- 
form throughout the entire length of the tube, a litde column 
of mercury must be detached from the rest of the metal, the 
lube must then be inclined so as to make the small column 
pass from one part of the tube to another part, and we musl 
ascertain by measurement whether it occupies the same le 
in the tube in each position. To ascertain whether the air ha 
been perfectly expelled before sealing the tube, the instrument 
must be inverted, so that the bulb is uppermost; if the mercon 
descends with ease quite to the end of the tube, we may ts 
satisfied that air is absent in that part of the instrument, 
there may be some in the bulb— to ascertain this, we must oEh 
serve whether the bubble which is in the bulb during the tin* 
it is inverted entirely disappears when we restore the instru- 
ment to its proper position; if it does, the thermometer ii 
perfect as regards the entire absence of air. 

106. 'Sometimes a thermometer, when inverted, does ffl 
allow the mercury to descend, and inexperienced persons ai 
liable to imagine that air must necessarily be present ; but th( 
effect alluded to is frequently caused by the adhesion b 
the mercury and the glass ; if, however, we warm the bulb, e 
as to cause the mercury to ascend in the tube, and then inveit 
the instrument, the metal should descend ; and if no modera« 
tapping or swinging will make it do so, we may safely concludi 
that air forms the impedin 

107. As it is frequently necessary to translate the figure* 
I the Cendgrade scale into those of Fahrenheit, and i 
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trsd, tables are constructed by which the degrees on the one 
:ale can be converted into those of the other at a glance, 
iUt it is necessary to know how to convert the one into the 
ler by calculation, which is easily accomplished; 100° C. 
F., or s'^C. = 9'' F. ; hence, 1° F. =1° C. + 32 : the 
3 is added because the zero of Fahrenheit is 32 Fahrenheit 
;grees below the zero of the Centigrade, The conversion is 
aily effected by the use of the following formulje : — ■ 

Fahrenheit to Centigrade . . ^ (F-'-sa)- C." 

Centigrade to Fahrenheit . , ° C." +32 =F.° 

Kikumur lo Fahrenheit . . . f R.° +32 = F.° 

Fahrenheit to Reaumur , . , 5(F.°-32) = R.° 



£xercises on the conversion of one tkermometric degree into 
another of a different scale. 

26. Reduce 60° F. to the d^ees of C. and R, ; 60° of R. to F." ; 
'C, toF.°;2o''F. to C.°; -2-2'>F. to C.°; -2=0. lo F.°; -5-8^ F. to 
'•,S°C. toF.°;-24'>C. toF.= ;-36°C. to F." 

108. If equal quantities of the sams liquid, at different tem- 
ralures, are mixed together, the temperature of the mixture will 
the mean of the two; thus, if one pound of water at 60° is mixed 
ith the same quantity at 212°, the temperature of the mixed 
lass will be 136°. But if equal weights of (/(^/leffl/ liquids are 
lixed together, the temperature of the mixture will not he the 
\ean of the two ; thus, if one pound of mercury at 40° is 
lixed with the same quantity of water at 156°, the temperature 
f the mixture will be i52'3°. Therefore, whilst the tetnpera- 
of the water has only been depressed 3*7°, enough heat 
been evolved to raise the temperature of the mercury 
3°. If we substitute volumes for weights, we find that 
water requires double the quantity of heat that an equal volume 
of mercury requires, to raise it to a certain number of degrees; 
thus, if two glass vessels, one containing water, and the other 
an eguai volume of mercury, be immersed at the same time in a 
hot water bath, it will be found that the mercury becomes 
heated to the temperature of the water in the bath, in half Ike 
time that the water in the glass vessel requires to gain that tem- 
perature ; and if the vessels containing the mqfcury and water 
be removed from the bath, after the two liquids have amved at 
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the same temperature, the mercury, it will be found, wil! cod 
twiie as rapidly as the water. To take another example ; 
one pound of iron filings at 58° be placed in one pound of 
water at 32", the temperature of the mixture will be 36° ; con- 
sequently, the quantity of heat, the loss of which lowers tht 
temperature of the iron 32°, increases the temperature of the 
water only 4°. It is evident, from these examples, that equil. 
weights and equal volumes of different substances require the 
addition of different quantities of heat to produce the s; 
alteration in their temperature ; hence, difFerenl bodies at 
same temperature, and whose volumes or weights are eqiat 
contain unequal quantities of heat. 

109. From what has just been stated, the student will dea^ 
see that the thermometer only measures the temperature A 
bodies, and not the amount of heat they contain ; for Si 
ferent bodies, at the same temperature, and whose volumes a 
weights are equal, contain unequal quantities of heat Uneqorf 
quantities, by volume or weight, of the same body, may alsft 
indicate the same temperature, though the larger quantity mn 
necessarily contain more heat than the lesser quantity ; for ll 
stance, the water in a wineglass will have the same temperatai 
as the water in a cistern, if filled from the same source. 1 
one condition only the thermometer becomes a direct n 
of the amount of heat, and that is in the case of the saiH 
weight of the same substance. Thus if we take the one pomK 
of water, it is true that, if a given amount of heat will raise i 
temperature 1°, twice the amount will raise its temperature a' 
here, then, we have a unit for measuring the amounts of hat 

110. The absolute quantity of heat which a body gains a 
loses cannot be measured ; but we can ascertain how mud 
one body gains or loses compared with another, either by tilt 
process of mixing described in the examples we have given, 4 
by other methods we shall presently describe ; we asceTtall 
by these methods the relative quantities of heat which eqol 
volumes or weights of different substances require, to 1 " 
them to a given temperature. Thus we have already notice^ 
that if one pound of mercury at 40° F. is mixed with one pouSi 
of water at 156° F., the mixed mass will have a temperatuj 
of i5a'3° V- Consequently the same weight of water reqv 
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SKording to these numbers, ralher more than thirty times as 
fcttch heat as mercury requires to produce the same elevation 
I temperature ; as mercury requires a less amount of heat 
r to raise it a given number of degrees, it is said to 
"have a less capacity iot heat than water. The capacities for 
heat of all solid and liquid bodies are expressed in numbers 
1 relation to that of water ; these numbers are termed the 
'^dfic heats of bodies, 

III. Quantity of heat must, like all other quantities, be 
sasured in the terms of some unit ; pure water is taken as 
; standard substance in measuring quantities of heat ; but 
^eral different units of heat, and units of mass, are employed. 
\ England, for practical purposes, the unit mass is one pound 
fcoirdupois of water, and the unit of heat is one degree 
Bihrenheit, or Centigrade ; but the temperature of the water 
torn which the standard is taken varies ; some adopt, as the 
\ermal unit, the quantity of heat required to raise i lb, of 
ater one degree F. between 55° and 60° ; others adopt as the 
termal unit the quantity of heat necessary to raise that quantity 
J water from 0° to 1° C. Whichever of the two thermometric 
^les is employed, the unit of heat is termed the pound-degree. 
1 France and in al! countries, for scientific purposes, the unit 
I mass employed is either one kilogramme, or one gramme, of 
fater ; and the unit of heat one degree Centigrade, and from 
; when the gramme is employed it is termed the 
tamme degree. We thus learn, that by the term specific heat, 
: calorific or thermal capacity of a substance, is meant the 
quantity of heat which is required for raising its temperature 
through one degree, cmnpared with the quantity of heat which an 
equal iveight of water would require to be raised through the same 
degree. Thus, if we take five vessels, containing respectively 
one pound of water, one pound of sulphur, one pound of iron, 
one pound of silver, one pound of mercury, and expose them 
all to such a source of heat that equal amounts must enter each 
vessel during the same time — if, now, we observe the thermo- 
meters which have been placed in these vessels, we shall find, 
when the temperature of the water has risen one degree, and 
consequently, when one unit of heat has entered each vessel, 
that the temperatures of the other substances have increased 
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by ihe number of degrees given in the second column of the 
following table. By the principle just established, it follows 
that, if one unit of heat will raise the temperature of one pound 
of mercury-30'', it will only require one-thirtieth as much, 
0-033 of a unit of heat, to raise the temperature of the 
weight one degree. In like manner, the fractional parts 
unit of heat required to raise the temperatures of one poi 
each of the other substances one degree can be easily calculated, 
and are given in the third column of the table ; these fractional 
parts are termed the specific heats of the substances 



nd<H 
lated," 



Silver .... I7'5 0057 

Mercury . . 30o 0'033 

Water, then, at the same temperature, contains 4-9 times as 
much heat as the same weight of sulphur, 8'8 times as much 
as the same weight of iron, 17 '5 times as much as the same 
weight of silver, and 30 times as much as the same weight of 
mercury ; and, in like manner, we should find that at the same 
temperature, and for equal weights, water contains more heal 
than any solid or other liquid known. Hence the specific heat 
of solid or liquid substances is always expressed by fractions. 

112. ' Three methods have been employed for determinin^B 
the specific heat of solids and liquids — the method of the mel^| 
ing of ice, the method of mixtures and that of cooling. In tfafl 
latter, the specific heat of a body is determined by the time ^| 
takes to cool through a certain temperature. Before describiB^B 
these methods, it is important to explain bow we measui» 
the quantity of heat absorbed by a body of which the iiia^| 
and the specific beat are given, when the temperature is elevat^H 
a certain number of degrees.' ^| 

113, Measure of the sensible heat absorbed or lost by a ht^^ 
when raised or loivered from one temperature to another. Ii^| 
the unit of heat be that amount of heat which would raise ^H 
temperature of a pound of water from 0° to 1° C. If H iH 
the specific heat of any substance, it follows from the definitionJ 
of specific beat we have given, that H will represent the 
quantity of heat required to raise the temperature of a pound 1 



Specific Heat 47 

weight of such substance i ° ; 2 H the quantity required to raise 
t 2° ; and so on. 

114. If the temperature of a pound weight of a substance, 
rhose specific heat is H, be raised through any number of 
^T'ees, say D, the amount of heat required will be measured 
y H X D. A body whose specific heat is H, weighing W 
ounds will therefore require a quantity of heat W x H x D 
) raise it through D degrees of temperature. 

This is usually expressed thus : 

Q = W H D. 

Ixample ; — How much heat is required to raise the tempera- 
ire of 167 pounds of iron from 25° to 35°, the specific heat of 
on being o'ii4? Here the number of degrees through 
hich the body is to be raised Is 10°, since 35° — 25° = 10° ; 
57 must therefore be multiplied by oTi4and by 10. The 
suit is : 

Q = WHD = 167 X o-i 14 X 10 = 190-38" of heat. 

115. The above formula will also give the quantity (or 
egrees) of heat given out by a body of weight W, and specific 

heat H, in cooling down through D degrees of temperature. 
lustrate it we will give the previous example slightly 
altered : — 

How much heat is given out on the temperature of 167 lbs. 

iron being reduced from 45° to 35°? Here the number of 

legrees the metal is reduced in temperature is 10" (since 

15° — 35°^ to"); 167 must therefore be multiplied by o-ii4 

tod by 10. The result is t— 

Q = WHD= 167 X 0-II4 X 10= I9a'38° of heat. 

116. Method of the fusion of ice. — Black employed a block 
of ice in which a cavity was formed, and which was provided 
with a cover of ice, as a calorimeter. The substance whose 
specific heat had to be determined was heated to a certain 
temperature, and then placed in the cavity, and covered with 
the ice-cover. When the body had become cooled to zero, the 
cavity was opened, and both the substance and the cavity were 
wiped perfectly dry with a cloth which had been previously 
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weighed The cloth was subsequently weighed ; the increai 
in weight gave, of course, the quantity of ice which had bee 
converted into water ; and from the weight of ice melted ws 
calculated ihe specific heat of the body. Lavoisier an 
Laplace substituted a more complicated apparatus for th 
block of ice employed by Black, on account of the difficulty 
obtaining ice in sufficiently large blocks. This apparatus 
tenned the ice calorimeter ; the results obtained by it are in 
accurate. Recently Bunsen has devised a calorimeter founde 
on the same principle, ' but in the use of which Che sources < 
error are eliminated, and the physical constants determint 
with a degree of precision seldom before attained in rest 
of this kind.' 

117. Method of Mixtures. — If a hot body be immersed il 
a cold liquid, after a short time both will be a 
temperature, the liquid gaining the same quantity of keai 
the other body loses. This enables us to find the specific heat 
of a body in the following way : The body is weighed, and 
then raised to a known temperature, by keeping it, for instance, 
in a current of steam for some time ; it is then immersed in 
cold water, the weight and temperature of which are known. 
Let :— 

W=weight of the body. 

w/=weight of water. 

H=specific heat of the body. 

The specific heat of water is unity. 

D=difference of the temperature of the body before and 
after the experiment 

(^=difference of the temperatures of the water. 

By par. 114, the quantity of heat lost by the body 
WHD. 

And the quantity of heat gained by the water is wd. 

Therefore — 

WHD=wrf ; and H=-^ 
WD 

Example : — If 5 oz of gold at a temperature of 67° C. i 
immersed in 6 oz. of water at 29°, the temperature of the m 
lure becomes 30°; what is the specific heal of gold? 
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Here, 0=67°— 3o''=37° ; and i/=3o'' — 29°=! 

W=5 ;andw=6 

We have — 

Sp.h..ofGold=H=»'g=j|-^=o-o3^43. 

Exercises on Specific Heat. 

27. Taking the specific heat of iron as 0114, how much sensible heat 
xiuW be absorbed by lolbs. of iron raised from 0° to 20° C. ! 

a8. How much heat would be disengaged, if 15 Iba. of copper were 
(olcd down from 100° to 5° C, its apeciiic heat being 0-Q96 ? 

39. If 3 lbs. of mercury, at 30° C. , are mixed with 3 lbs. of water, at 
>°C, and the temperature of the mixture is found to be Iq639°C., what 
Ihe specific heat of the mercury 7 

3a If 0-685 lb. ofsulphnr, at 6o°C.,is immersed in 4-573 lbs. of water, 
12° C. and the temperature of the mixture is 13 '42°, what is the specific 
at of the sulphur! 

31. If 4 Iba. of line at a temperature of 97° C, be immer5ed in (r lbs. 
'water at 5°, and the resulting temperature of the mixture be S'', what is 
« specilic heat of zinc t 

32. If 13 lbs, of platinum at 50° be immersed in 6 lbs. of water at 36', 
|d the resulting temperature of the mixture be 37°, what is the specific 
■ax of platinum ! 

118. It is obvious that the vessel which holds the cooling 
ater must change its temperature with that of the water, so 
laC the heat lost by tbe substance which is cooled not only 
s the temperature of the water, but also the temperature 
f the material of which the vessel is composed to the sanne 
In accurate experiments the amount of heat required 
ir this purpose must be estimated and allowed for. The 
Biount is easily estimated if we know the weight of the vessel 
kd the specific heat of the substance of which it is made, 
.el is usually a small cylinder of silver or brass, with 
tin polished sides, so that these data can be readily obtained. 
w' be the weight of the vessel and h' its specific heat, then 
le vessel, being raised through d degrees, will absorb a 
I quantity of heat w' h' d. Now if v be the weight of water 
which would absorb as much heat as the vessel does, then 
u=7(/' A', hence the heat lost by the body is absorbed by the 
water and the vessel, that is by a quantity of water w, and by 
an equivalent to a (luantity of water v. Thus, instead of w in 



r 
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the preceding formula, we write w+t< ; the formula then be- 



H=' 



wb ' 



v is said to be the reduced value in water of the vessel. 

Example :— Three lbs. of silver at a temperatrure of 84° are 
immersed in 5I lbs, of water contained in a glass vessel whose 
weight is i^lb., both being at 10° ; the mixture becomes of a 
temperature of 12°. Calculate the specific heat of silver, that 
of glass being -198? 

Here w''=i}= i-zs,^'=-i98 ; therefore, v^w' k'=V2$ 
X-i98=-i47S ; 

and M/=53=S7S, ^=12-10=2 ; D=84-iz,W=3 
hence : 

„_{v+w) d_(-2475 + 5- 75) ^ 2 _5-9975 x = _.„-, 
W"D" 3x72 3X"72 -°^^ 

119. In accurate experiments, it is necessary also to allow 
for the heat absorbed by the glass and mercury of the thermo- 
meter ; and if, as is usually the case, the substance is enclosed 
in a glass tube in a small basket of wirework, it is also neces- 
sary to pay regard to the weight and specific heat of these 
envelopes in the calculation. This method of determining the 
specific heat of solids and liquids admits of great accuracy, but 
its practical application requires many precautions, owing to 
the numerous sources of error. 



£xerdses on Specific Heat. 

33. A piece of iron weighinE 20 f^ammcs at the temperature of 98° C. 
is liropperf into a glass vessel weighing 12 grammes, and contalninE IS* 
giammes of water at 10° C. The temperalure of the water is thu ' '" 
10-29 C. Refjuired the specific heat of the iron, knowing thai the 
beat of the glass is □■19768, 

34. Calculate the specific heat of oil of turpentine from the fblloi 
data ! — 42-57 grammes of the oil at 337 were mixed with 470-3 gramii 
of water at I2'23''. The temperature of the mixture was found " 
15-37°. 

120. 'When we wish to determine the specific heat of a liqnl 
or of a body which liquefies at a temperature little higher ihl 
that of the surrounding air, we are obliged to have recourse d 
the inverse method, which consists in cooling the body ii 



SpjiciFic Heat 51 

reezing mixture, and determining the depression of temperature 
'hich is produced by its iiamersion in the calorimeter. 

121. The specific heat of a body is not a constant quantity ; 
t increases with the temperature ; a greater amount of heat is 
herefoie required to raise a body one degree at a high, than at 

ow, temperature. Examples : — The specific heat of water at 
a" C. is I -0364 ; the mean specific heat of silver, between 0° 
d 100°, is o'o557 ; while between 0° and 200" it is o-o6ii. 
le student will now understan<i the reason why, in the de- 

Bition of the unit of heat, a particular temperature, and not 1° 

: any temperature, was named. 

122. The specific heat of a body is greater in the liquid 
lan in the solid state : thus the specific heat of water is i, that 
F ice is o'S04 ; liquid bromine, o'lii, solid bromine, o-o8i; 
lelted tin, -0637, solid tin, "05632, Knowing these facts, we 
light infer what is really the case, — that the increase of specific 
eat with the temperature is greatest as solid bodies approach 
le melting-point ; and that the specific heat of solids dimi- 
jshes with the increase in their density, or molecular aggrega- 
on. Examples :^Solid copper, when annealed, has a specific 
Eat equal to '09501 ; but by hammering, its density is in- 
reased, and consequently its specific heat is diminished. The 
jecificheat of copper which has been hammered is "0936, The 
ensity of tin and lead is not increased by mechanical pressure ; 
leir specific heats are not, therefore, diminished by pressure. 
he specific heat of a substance is not the same in its difierent 
lotropic modifications ; in these cases, also, the specific heat 
minishes as the density of the substance i 
nple :■ 
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123. The specific heat of liquids, with the exception of 
water, increases with the temperature much more rapidly than 
that of solids. 

124, Mercury, on account of its small specific heat, is 
rapidly heated and cooled. This property, as well as some of 
its other properties which have been already explained, renders 
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it well adapted for a thermometric agent. ^Vater, on the other 
hand, from its great specific heat, requires a long time in being 
heated or cooled. For the same weight and temperature, it 
absorbs or gives out far more heat than any other known liquid 
or solid, and is only exceeded by that of hydrogen. The ocean 
becomes, from this property of water, the great storehouse of 
heal ; and we can at once see the important part water plays ; 
the great regulator of climates, on account of this property. 
Comparing equal weights, the specific heat of water being i, 
thatofatmospheric airis o'25 ; hence i lb. of water, in losing i° 
of heat, would raise the temperature of i lb. of air 4°, or 4 lbs. ol 
air 1° ; but, owing to its muchless density, i lb. cf air fills about 
770 times the spaceof lib. of water; consequently, 4 lbs. of ait 
fill 3,oSo times the space ; therefore, water, by parting with 1' 
of heat to the air, increases with that heat the temperature of 
3,080 times its own bulk of air i". A large quantity of heat 
becomes stored up in the ocean in summer, which is slowly re 
stored to the air in winter. ' Hence one cause of the absence 
of extremes in an island climate. In various parts of the 
Continent fruits grow which our summers cannot ripen ; but in 
these same parts our evergreens are unknown ; for they can- 
not live through the winters. The winter of Iceland is, as a 
general rule, milder than that of Lombardy.' 

125. Specific heal qf gases.— The specific heat of gases is re- 
ferred either to that of water or air. Cases, according as they 
are allowed to expand, or they are noi allowed to expand, being 
kept at a constant volume, on being heated, have a different 
capacity for heat ; the former is called the specific heat under 
constant pressure^ the latter the specific heat under canstani 
volume ; under the former condition the specific heat is greater 
than under the latter condition, by the amount of heat consumed 
in the expansion. 

126. The specific heat of air, and of gases not readily 
Uquefiable, does not increase with a rise of temperature, at ail 
events between the temperatures of — 30° and 200° C. It has 
also been ascertained that, for pressures ranging between one and 
twelve atmospheres, the specific heat of ei/ual weights of air, 
and ol gases not readily liquefiable, is uniformly the same, and 
is independent of the density ; consequently, the specific 
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heat of a given volume of gas increases directly as its density 
is increased. 

127. All solid, liquid, and gaseous bodies, we have learned, 
expand when they are heated and contract when they are cooled ; 
and the rate and degree ofexpansion of each substance are always 
the same, no matter how often it may be heated, if its tempe- 
rature be the same at the commencement of each experiment, 
and the same amount of heat be added. For example, — if a 
substance at the temperature of 40° F. be heated up to 100° F., 
it will always expand to the same bulk when raised from 40° to 
100° F., and it will always contract to the same bulk when 
cooled down again to 40° F.' 

128. The same amount of heat affects matter in its three 
states very unequally. It produces the greatest expansion in 
gases, and the least in solids, because there is no cohesiveness 
between the particles of matter in the gaseous state ; the heat 
has, therefore, no opposing force to overcome ; and as the co- 
hesive force is less in liquids than in solids, a less amount of 
heat is neutralised in overcoming this opposing force, and, 
therefore, for the same amount of heat, a greater expansion takes 
place in liquids than in solids. 

129. All gases, on account of the absence of any cohesive- 
ness between their particles, expand alike^ the pressure being 
the same, for equal additions of heat; and fc«//-flf/ii//)f(f for equal 
subtractions of heat ; but the different liquids and solids expand 
and contract unequally, for equal additions and subtractions of 
heal. 

130. Having staled that all gases expand and contract alike 
on account of the absence of any cohesiveness between their 
particles, the following law, known as the law of Charles, that all 
gases measured under constant pressure, expand equally for equal 
increments of heat, might even be inferred ; one volume of any 

1 - Lead is an esception lo Ihe rule ; it is so soft thai ils particles slide over 
each other in the act of expansion, and do not return lo their original position. 
For example, a lenden pipe used for conveying Eteam pemianenlly lengthens 
some inches ia a shott time; snd the leaden floonng of a sink which often 
receives hot water, becomes, in the course of time, thrown up inio ridges and 
puckers. ' — Gmkam. 

' All that is stated with respect lo gases applies also to 
dittaoce above tbeir points of condensation. 
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gas at o°C. expands to 7-366531 100° C, so that the coefficient 
of expansion of gases is o'oo3665 or nearly jIg for an increase 
from 0° to i°C. 

131. We have learned that when substances are submitted 
to the action of heat, their temperature is raised, and they in- 
crease in j'olume. These are the first effects of heat on all 
substances, and they are the only ones produced on gases. Bui 
if ihe application of heat to solids and liquids be continued after 
these changes have commenced, a temperature is reached si 
which the solids and liquids change their slate. The temperature 
at which each solid changes its state is constant and J>eeuliar 19 
itselft atidthis is called its melting-point, or point of frtsion. Ebul- 
lition, like fusion,/or a given pressure commences at a ccriain 
temperature, -which varies in different liquids, but which, fat 
equal pressures, is always the same in the same liquid ; but this 
is not the case with evaporation, which takes place even with the 
same liquid at very diiferent temperatures. 

132. For the conversion of a solid into a liquid, and a liquid 
into a gas, a large amount of heat must be communicated to 
the solid, and to the liquid, to cause them to change their st; 
and this heat is not indicated in the substance by the thermo- 
meter ; thus, if equal weights of water at 0° C, arid wale 
79° C, be mixed together, the temperature of the mixture will 
be the mean of the two temperatures, viz. ^9'$° ; but if i 
of pounded ice at 0° is mixed with i lb. of water at 79°, the ice 
will be melted, but the temperature of the 2 lbs. of water w 
only be 0° ; 79° of heat have, therefore, disappeared or become 
latent in melting the 1 lb. of frozen water. This absorbed heat 
is not lost or destroyed, for if the 2 lbs. of water be frozen thai 
heat, and the latent heat of the water employed, will be evolvcd- 
The heat required to melt unit mass of ice without change 0" 
temperature is called the heat of liquefaction of ice or the latent 
heat of water, and amounts, as we have learned, to 79 thermal 
units of the Centigrade scale ; an amount of heat that would 
raise 79 lbs. of water one degree Centigrade. 

133. Black, in 1757, was the first to clearly establish thai 
in order to convert water at the boiling temperature into steam 
of the same temperature a large quantity of heat must be com- 
municated to it ' He and many of his followers supposed 
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ieat to be a substance which when it makes a thing hot is 
ensible, but which when it is not perceived by the hand or the 
lemiometer still exists in the body in a latent ot concealed 
ate. Black supposed that the difference between boiling 
aler and steam is, that the steam contains a great deal more 
iloric than the hot water, so that it may be considered a coin- 
3und of water and caloric ; but, since this additional caloric 
reduces no effect on the temperature, but lurks concealed in 
le steam ready to appear when it is condensed, he called this 
art of the heat latent heat.' 

134. This view of the theory of heat, as has been previously 
explained, is not now accepted ; and the late Professor Clerk 
iMaxwell, in his work 'Theory of Heat,' which we quoted the 

1st extract from, says, 'and, as I think Sir Isaac Newton's 
ipinion that heat consists in the internal motion of the particles 
f bodies much the most probable, I choose to use the expres- 
on, "heat is generated," an expression Cavendish first 
mployed.' 

135. 'We shall not now be in danger of any error if we use 
Ltent heat as an expression meaning neither more nor less 
lan this : 

136. ' Definition. — Latent heat is the quantity of heat which 
lust be communicated to a body in a given state in order to con- 
trt if into another state witlwut changing its temperature. 

137. 'We here recognise the fact that heat when apphed 
) a body may act in two ways : by changing its state, or by 

raising its temperature ; and that, in certain cases, it may act 
by changing the state without increasing the temperature. 

138. ' The most important cases in which heat is thus em- 
ployed are — 

'(i) The conversion of sohds into liquids. This is'caJled 
melting or fusion. In the reverse process of freezing or solidi- 
fication heat must be allowed to escape from the body to an 

' (2) The conversion of hquids (or solids) into the gaseous 
state. This is called evaporation, and its reverse condensa- 
tion. 

' (3) When a gas expands, in order to maintain the tem- 
perature constant, heat must be communicated to it, and this, 
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when properly defined, may be called the latent heat of ex- 
pansion. 

' (4) There are many chemical changes during which heat 
is generated or disappears. 

139. ' Tn all these cases the quantity of heat which enters or 
leaves the body may be measured, and in order to express the 
result of this measurement in a convenient form, we may call 
it the latent heat required for a given change in the substance. 

140. 'We must carefully remember that all we know about 
heat is what occurs when it passes from one body to another, and 
that we must not assume that after heat has entered a substance 
it exists in the form of heat within that substance. That *e 
have no right to make such an assumption will be abundantly 
shown by the demonstration that heat may be transformed into 
and may be produced from something which is not heat' 

Z41. The facility with which solids liquefy is proportional to 
the quantity of heat required for their liquefaction. Example : 
Ice cannot be hqtiefied until it has received as much heat as 
would raise its own weight of water i4z'65'' F. ; therefore ice 
liquefies very slowly, because the latent heat of water is consider- 
able ; whilst phosphorus and lead are liquefied by as much ! 
as would raise their own weight of water 9° F. ; therefore, ih 
melt rapidly, because the heat required for their liquefaction i 
small. 

142. Solids when heated up to their melting-point invarin 
liquefy ; they cannot be heated beyond this point and 
solid. But liquids, under particular circumstances, may be^ 
cooled down beloiv their freezing-point, or point of sohdifica- 
tion, that is below the point at which, when in the solid state, 
the same substances melt. Example : Ice invariably melts 
or hquefies at 32° F. (0° C.), but water can, under certain 
circumstances, be cooled down to 5° F. and not freeae. This 
retardation of solidification can be effected by slow cooling, 
and protection from all agitation ; but if it be the least agitated 
a portion of it is instantly converted into ice, and the tempera- 
ture immediately rises to 32° F., by reason of the portion which 
becomes solid disengaging its latent heat, which becomes 
sensible, and keeps a portion of the water, at least for a lime. 
3 the liquid state. The heat disengaged would raise as much 
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which performs this work is what Black called latent heat, 
because it is not sensible ; it on!y becomes sensible when the 
cohesive force, either by cooling or other agency, again comes 
into play. 

149. The molecules of matter in each of the three states 
in which matter can exist are, it is supposed, in a continual 
state of motion ; in solids the movement of the molecules is 
confined to a very small region of space. In fluids the path of 
the molecules is not confined within a limited region, as in 
the case of solids, but may penetrate to any part of the space 
occupied by the fluid. In gases the molecules have very great 
freedom of motion, and they are supposed to move forward in 
straight lines till they impinge against each other, or against the 
sides of the vessel containing the gas; their course then is changed, 
and they start on a new path. These encounters also alter, and 
produce an inequality in, their velocity. ' This constant impact 
of the molecules produces the expansive tendency or elasticity 
which is peculiar to the gaseous state. The total quantity of 
heat in the gas is made up of the progressive motion of the 
molecules, together with the vibratory and other motions of the 
constituent atoms ; but the progressive motion alone, which is 
the cause of the expansive tendency, determines the tempera- 
ture. Now, the outward pressure exerted by the gas against 
the containing envelope arises, according to our hypothesis, 
from the impact to a great number of gaseous molecules against 
the sides of the vessel. But at any given temperature^ that is, 
with any given velocity — the number of such impacts taking 
place in a given time, must vary inversely as the volume of the 
given quantity of gas ; hence the pressure varies inversely as the 
volume or directly as the density, which is Boyle's law. 

150. ' When the volume of a gas is constant, the pressure 
resulting from the impact of the molecules is proportional to 
the sum of the masses of all the molecules multiplied into the 
squares of their velocities — in other words, to the so-called vts 
viva or living force of the progressive motion. 

151. ' If, for example, the velocity be doubled, each mole- 
cule will strike the sides of the vessel with a twofold force, 
and its number of impacts in a given time will also be doubled ; 
hence the total pressure will be quadrupled. 
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152. ' Now we know when a given quantity of any gas is 
maintained at a constant volume, it tends to expand by j- 
ils bulk at zero for each degree Centigrade. Hence the pres- 
sure or elastic force increases proportionally to the temperature 
reckoned from —273" C. ; that is to say, to the absolute 
temperature. Consequently, the absolute temperature is propor- 
tional to tilt vis viva of the progressive motion.' We may notice 
in conclusion that the expansion of air is attended with a 
diminution of temperature ; and its compre.ssion with a 
increase of temperature ; in fact, a compression or expansion 
amounting to o'oo366of the volume which the air would occap)' 
at zero, alters its temperature by 0-41'' C. The cooling of the 
air by expansion, and the development of heat by its compresi 
sion, is thus explained on the dynamical theory of heat. Wori£ 
is done in the expanding ; consequently a portion of the heal flf^ 
temperature is expended in producing the energy of expansion! 
hence the diminution of the temperature of the expanded gaif 
On the other hand, on compression there is a diminution of 
the expansive force, and to this diminution is due the develtqK 
ment of heat. At times a cloud is formed i 
the air-pump, when the air is being pumped out of it, becauia 
the rarefied air becomes chilled ; consequently some of thft 
aqueous vapour it contained is condensed and forms ihp 
cloud ; if the air, during its presence, be readmitted, as theai 
necessarily becomes heated, ' the cloud melts away, and f 
perfect transparency of the air is restored.' 

Examination Questions. 

55. Define what is meant by the mechanical equivalent of heat j si 
what it is in foot-pounds. 

56. In exhausting the receiver of an air-pump a cloud 
in the receiver ; explain the cause of this. 

57. Explain the difference between the specific heat of . 

pressure, and its specific heat at constant volume. Which ot them 
greater, and why ? 

58. What is meant by saying that the specific heal of 
as great as that of mercury I 
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153. The particlesof different bodies are, as we have already 
stated, attracted to each other, and this attraction is all-per- 
vading, for it operates throughout space, and is termed gravita- 
tion. Now as each particle attracts, the mass containing the 
greatest number of particles possesses, in consequence, the 
greatest attractive force; thus, according to the law of Newton, 
the attractive force of bodies is to each other directly as their masses^ 
and fnrersely as the square of their distances ; therefore, if the 
mass of one body be two, three, four, or five times greater 
than that of another, its gravity or attractive force is also two, 
three, four, or five times greater ; and with a distance of two, 
three, four, or five times greater, the force of gravity will be four, 
nine, sixteen, or twenty-five times less. 

154. Owing to this attractive force, the earth attracts all 
terrestrial objects towards itself, and is itself attracted by them ; 
but as their masses are so extremely small in comparison with 
the earth's mass, their motion only is apparent to us; hence 
the earth's attraction, or terrestrial gravitation as it is generally 
termed, tends to cause all bodies to fall to its surface. One of 
the effects of this attraction is the downward pressure which 
substances exert on whatever supports or prevents them from 
falhng to the earth, and this pressure is termed their weight, or 
more precisely their absolute weight ; and this is one of the 
subjects we have to consider in the present chapter. 

155. Mass, or the quantity of matter in a substance, is 
estimated in terms of some standard : the British unit of mass 
is the standard pound {avoirdupois) ; and the balance, or 
weighing-machine, is used for the comparison of masses. 
There are other kinds or relations of weight; these we shall 
treat of by-and-by. 
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156. The determining of the weight of substances is being 
constantly carried on in every-day life, and 'scales' is the 
name usually given to the smaller weighing-machines in 



157. The weighing-machine used in experimental science 
is called a balance (fig. 15); it has to be not only extremely 
accurate, as also the weights employed, but must also be so 
delicate that it will readily indicate 0-002 of a grain when 
carrying a load of 1,000 grains ; for, as the late Dr. Miller re- 
marked, the foundation of all accuracy in experimental science 
consists in the possibility of determining with exactness the 
quantity or mass, and the size or bulk, of those suhstancM 
which are submitted to examination. The late Baron Liebig 
made the following observations in his ' Letters on Chemistry' 
in reference to this instrument. 'The great distinction between 
the manner of proceeding in chemistry and natural philosophy 
is, that one weighs, the other measures. The natural philo- 
sopher has applied his measures to nature for many centuries, 
but only for fifty years have we attempted to advance out 
philosophy by weighing. 

158. ' For the great discoveries of Lavoisier, he was in- 
debted to the " balance," that incomparable instrument which 
gives permanence to every observation, dispels all ambiguity, 
establishes truth, detects error, or shows us that we are in the 
true path. 

159. 'The balance, once adopted as a means of investi- 
gating nature, put an end to the reign of Aristotle in physics. 
The explanation of natural phenomena by mere fanciful specu- 
lations, gave place to a true natural philosophy,' 

160. It would be out of place in a work like this to enter 
upon the mechanism of the balance, but it will not be out of 
place to give the student a few hints as to the using of a deli- 
cate chemical balance. It is always placed in a glass case (fig. 
25), in order to protect it from air-currents, dust, and moisture; 
as air-currents affect the weighing, no substance whilst hot must 
be weighed, because heat causes air-currents. An mdex-needle 
or pointer is fixed to the beam, and oscillates with it in front of 
the graduated arc a, and when the beam is suspended and M 
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rest, no weight of any kind being in the scale-pans, the index 
should point to the zero of the scale. When the correa weight 
is being nearly approached, the balance-case should be closed ; 
and as the beam of a 
delicate balance oscil- 
lates for a long time, 
it is usual to weigh, 
in order to save time, 
whilst it is oscillating, 
adjusting die weights 
until the movements of 
the pointer on each side 
of ihe zero of the scale 
are equal ; results even 
more accurate, are ob- 
tained in this way, than 
if the beam was at rest 
during the time of weighing, because whilst oscillating, we are 
certain that no resistance is offered through the beam ' stick- 
ing,' The same pan for the weights should always be used ; 
the two anns of the beam should be of equal length, otherwise 
unequal weights would be required to produce equilibrium. 
The error occasioned by inequality of the arms of the balance 
may be eliminated by the method of double weighing, which 
consists in weighing the substance first in one pan and then in 
the other ; the weights will not be the sarne in the two weigh- 
ings, the geometric mean is, therefore, the correct weight, and 
is found by multiplying the true apparent weights together, and 
taking their square root ; but if the true apparent weights be 
nearly equal, their common arithmetic mean is quite close 
enough to the truth. ' The balance will only give accurate 
comparisons of mass when the weigliing is performed in vacuo, 
unless the body weighed happens to have the same density as 
the standard weights. The reason is that if the body and the 
weights are of unequal volume, they will displace different 
amounts of air, and hence lose weight unequally. It is, how- 
ever, easy to make the requisite correction.' When the weigh- 
ing is completed, the weights must always be removed from the 
scale-pan and replaced in the weight-box. 
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\vaeuo it weighs 252722 grains. The standard of length is the 

I yard measure, and is subdivided into 36 inches. The standard 

ard is defined by an Act of Pariiament passed in 1855, where- 

ted that the straight line or distance between the 

^ntres of two gold plugs in the bronze bar deposited in the 

Rice of the Exchequer shall be the genuine standard yard at 

., and if lost it shall be replaced by means of its copies.' 

165. The French or metrical system of weights and 
Is connected K^ether in a more philosophical man- 

r than the English one ; it is the one that is almost uni- 
lersally adopted abroad by scientific men, and is now largely 

mployed by scientific men in England. It is a decimal systemi 
bunded upon the mbtre, which is ,„^^h part of'a quadrant 

f the meridian ; this constitutes the unit of the system. 

166. The French mfetre is equal to Wil°l English inches, 
rhe metre is, in France, the integer of the measure of length, 
Ipd from it all measures of surface, capacity, and weight are 

The integer of the measure of capacity is the litre, 
phich is the cubic decimetre, and is equal to 35*275 fluid 
1763 imperial pints. The integer of the measure 
f weight is thef iimmf,^i5'43 English grains. It is exactly 
bqua] to the weight of a aiiic uutim'-tre of water, weighed tn 
aiimum density {392° F.). The cubic centimitre 
k employed by French chemists in all measurements of gases, 
b place of our cubic inch. It is equal to 0*06103 of a cuUc 
The weight of the cubic centimetre of water is to the 
cinch of water as i5'432 to z5z'468 ; hence there are 
fi*34 cubic centimetFCs to an Ei^lish cubic inch. 

167. Thb Tulc is snffidenlly correcl for practical putposes, 
Bu to be ofaserred, bowerer, ihal the French take d>e weight 
I Ae cabic centttnttre of water at 39'2° F, in vtuuo. The 

h take the we^ht of the cubic iiicfa fi5i'45S) giaiiu at 
^F. in air. AannntDg the specific gnvhy of «at« at 33^ to 
[ woofioo, the qwofic parity- at 39-2° n to the specific 

' 7 at 63* as I -000,099 ^ o'999><>oo- 
\ j6BL * TV French measures tncrease and decrease in de- 
ioQS. For the imertmse, a prefix is tned demcd 
I Ae Greet iea, heet*, Uh, aad a^ria ; die iMciie^ 
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whether metre, litre, or gramme, being multiplied by lo, i 
i,ooo, and 10,000 respectively. To indicate the decrease, 
prefixes deci^ cent!, and milli, derived from the Latin, are 
ployed. In this case the integer is supposed to be divided 
10, 100, or 1,000. 

169, ' Various plans have been devised for converting 
French weights and measures into their English equivale 
The following tables will be found useful for this purpose :■ 



In English inches 
Milli m tire . - ■03937 
Cenlimetre . = -39371 
Decim^lre . = 3'93708 

Mkre , . = 3937079 



Decametre = 3937079* 

Hectometre = • 3937-07900 

Kilometre. - 39370' ' 

Myrionieiie — 393707" 



Measures of Volume, or CArAciTv in Cubic Inches. 

Millilitre, or cubic centinietrc . . . . = o'O 

Centilitre, or 10 cubic cenlimitres . . . = 0-610^ 

Decilitre, or 100 cubic centimetres . = 6'1027( 
Litre, or cubic decimetre, or 1000 cubic centi- 

mitres .,......= 6i-0Z7C 

Decalitre, or cenlislere .....— 610-270] 

Hectolitre, or decistere .....= 6103-7051 

Kilolitre, or Efere, 01 cubic mclre. . . . = 6iO27-051( 

Myriolilre, or decaslere .....= 610270-5151 

I cubic inch . = l6'386l76 cubic cenliTQelres. 

I cubic foot . = aS-315312 cubic decimetres, or Ihto. 

igaUon . . . = 4'543358li"es. 



Milligrsmnii 

Decigram mi 
Gramme . 



O' 1 5432 
' ■54323 
15-43235 



F Weight. 

In English gn 
Decagramme = 'S4'3*J 
Hectogramme= 1543'2U 
Kilt^ramme = 15432-33 
Myti(^amme= 154323'48J 
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In English 


In Englisii 


InEcgliA 
pol«= 




InEi^Ui^ 






.19-6033.fi 


o-<^9S3B3 
3-953B=9i> 


0-0009885 
0-0988,57 

9-BB,57n 


0-OKK47' 



I 



■¥ inch = 6 '45 13669 5<iuare 
re fuot" 9'2899683 square (lecimei 
-e yard = 0-83609715 square mitre, 
=i0'40467103 heclare. 



170. ' With respect to the equivalents of English and French 
■weights and measures, some slight differences will be found 
among English writers. These arise from the calculations 
being based on the employment of a larger or smaller number 
of decimal figures.' 

Exercises on the Conversion of French into English Measures, 
and vice versS. 



esponding length in English 



59. Convert five centim^ltes int 

J .60. What is the cortespondinE French weight to one English grain ! 
ivert twelve cubic centimetres into English inches. 
. What is the corresponding French volume to three cubic inches ! 
ivert ihtee kilogrammes into the corresponding English 
^ i5npoiB weight. 

64. Convert one English inch into the corresponding French measure. 
6j. I determine the aniaunt of silver in a silver-lead ore, t obtain 
0'020 grains of silver from 400 grains of the ore ; for commeicia! 
purposes the silver contained in any given ore is estimated In ounces, 
pennyweights, and grains ; one ton of the Ore being, in all cases, taken as 
ihe standard of unity. How many ounces, pennyweights, and grains of 
silver were contained in a Ion of this ore ? 

66. The late Baron Liebig, in his work Thi Natural Laws of 
Huibandry, slates that an average wheat crop yields from a hectare of 
land 2,000 kili^aimnes of grain and 5,000 kilogrammes of straw ; and a rye 
crap (rom the same area 1,600 kilogrammes of grain and 3,Soo kilo- 

f-ammes of straw ; convert these foreign weights and measures into their 
nglish equivalents. 

171. All bodies in each of the three states of aggregation, 
possess weight, and dissimilar bodies have almost invariably a 
different weight for equal volumes. A child knows that solids 
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and liquids possess weight, but it is not so readily tealised that 
gases possess weight, and that they differ in weight for equal 
volumes ; in other words, all gases have not the same weighl ; 
e heavier, some are lighter than others ; in brief, gaws 
differ in weight like solids and liquids. The ascension of J 
balloon in the air is a very instructive illustration that gaseouj 
substances differ in weight ; for its ascension is due to its being 
filled with a gas lighter than atmospheric air. 

Experiments on the Weight of Gases. 



hydrogen being much lighter in weight than COal-p>i 
the balloon will be much more buoyant i( filled with il| 
thmi if iiUed with cod-gas. 

68. Prepare some carbon dioxide and let the exit tilh 

of Ibe apparatus dip inio a dry glass vessel (fig. 26) ; Ik 

tube ought to reach to the bottom of the vessel. As WW 

as the vessel is filled with the gas, which is ascertoinrf t) 

a candle being extinguished when introduced just bdiM 

the edge of it, pour th6 gas as you would a liquid loto 

another vessel of exactly equal size and shape. Prove tkl 

the gas has been really transferred firom the one vessel to 

the other by introducing a lighted candle lirsl into the 

vessel originally containing it [in which the candle ought 

now lo bum), and then into the one which ought nt ' 

the experiment has been properly performed, lo conla 

and in which the candle ought not now to burn. If gnat 

care be observed in the experiment, it may be tiansferred 

from one vessel to Ibe other three or four limes. Thi 

periment shows the great density of the gas : it also sbms 

the incapahihty of the gas to support the combusIiDn ' " 

candle, 

69. Fill a wide and deep glass jar half-Full of carbon dioxide, the uppel 

half being filled with atmospheric air ; fill a collodion balloon mtli 

hydrogen and air in aucb proportions that the balloon will just ^nk in >ili 

when so prepared, let the balloon sink into tbe jar ; as soon as it reachet 

the uppermost layer of ibe oxide of carbon it will rebound as if it hnJ 

touched a solid body ; it will linolly tloat quietly upon it, and it is en 

to see the balloon suspended midway in the jar, apparently testing opon 

' For making soap-bubbles the following is the best method for making flie 
soap solution : put into a qimrt bottle some of the best white Castile soap {i 
still lietter, pure palm-oil soap). Cut the soap (atraut four ounces) into IJ 
shavings, then Rll up the bottle with disiillcd water or rain water, ihajceihenii 
ture very well : repeat the shaking until a saturated solution of soap is obtained. 
If on standing the soap is not all dissolved, pour olf the liquid, and add 
water to the soap which remains undissolved, shaking as before. Then uM 
le *)^ solution one volume of pure, concentrated glycetiM 
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172. The barometer is an instrument that proves that the 
air possesses weight, for It is the pressure of the atmosphere o 
the surface of the mercury in the cistern (fig. 27} that 
sustains or makes the mercury in the tube stand about 

ches above the level of that in the cistern, for if, 
instead of having the upper end of the tube herme- 
tically sealed, it were closed by means of a stopcock, 
and that it was opened when the mercury was stand- 
in the tube, the mercury would instantly sink in 
tube to the same level as that in the cistern ; 
iroving that it was the pressure of the air upon the 
lercury in the cistern that supported the mercury 

173. The barometer illustrated in fig. 37 is called 
le cistern barometer ; there are other forms of the 
lercurial barometer, but they all depend on the same ' "^' "' 

irinclple, viz. the pressure of the air on the mercury. There 
e barometers, as the aneroid, without any liquid ; but they 
:ewise depend on the pressure of the air. 

174. The space above the column of mercury must be 
itirely free from air and moisture, for if present, they would 

ixercise a pressure on the mercury in the tube which would 
mnteract, to a greater or less extent according to their amount, 
,e pressure of the air on the mercury in the cistern, and thus 
nder the barometer more or less inaccurate. Ic is therefore 
;cessary in the construction of a barometer, in order to have 

t accurate, to have not only the mercury pure and free from 
-, but the tube must also be free from air and moisture ; to 

ibtain this result, a small quantity of pure mercury is placed in 
le tube and boiled for some time. It is then allowed to cool, 
id a further quantity previously warmed, added, which is 

loiled, and so on, until the tube is quite full ; in this manner 
e moisture and the air which adhere to the sides of the tube 
Lss off with the mercurial vapour. 

175. That portion of the upper part of the tube which is 
ifilled with mercury is the nearest approach to a perfect 
kcuuoi which can be procured by act, for on lowering the tube 
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deep enough into the cistern of mercury, the whole tube ' 
become completely filled with the mercury ; and on elevat 
the tube in the cistern the mercurj' again sinks in the tut 
The vacuum thus obtained is termed the Torricellian vacui 
from its being firet observed in 1663 by Torricelli, a pupii 
Galileo. Although this is the most perfect vacuum that c 
be obtained, it is, nevertheless, not a perfect one, as 1 
apparently empty space of the tube contains a minute quant 
of mercurial vapour. 

176. It need scarcely be remarked that all other liqni 
would, like mercury, be supported in a tube by the pressure 
the air, the height of the column varying with the weight 
the liquid ; water, for example, being 13^ times lighter th 
mercury, the height of a column of that liquid would be r; 
times greater than that of mercury : the column of 
would therefore measure about 34 feet ; in other words, whl 
any other liquid than mercury is used, the height of I 
barometric column will be inversely as the specific gravity ; I 
specific gravity of mercury at 60 F, is 13-568, the sped 
gravity of water being taken at !■□□□ ; the height of a colui 
of water corresponding to a column of 30 inches of mercury 
60° F. would therefore stand — 

30X ^^-^ — , or A°T°A inches or 33'92 feet high. 

177. From these facts we learn that the pressure of ' 
atmosphere is capable of supporting a column of merci 
about 30 inches in height, and a column of water about 
feet in height ; or, to state it conversely, the pressure of 
column of mercury of 30 inches, and a column of water of 
feel, in height is equal to the pressure of the atmosphere. 

178. As the pressure of the atmosphere supports a colut 
of mercury whose base is a square inch 30 inches in heigh 
and as a cubic inch of mercury weighs, in round numbers, h 
a pound, 30 cubic inches of the metal will weigh 15 lbs. ; 
therefore, follows that the pressure of the atmosphere on ea 
square inch of surface is equal to 15 lbs., and this pressure 
15 lbs. on the square inch is called the pressure of one atn 
spfiere. If the elastic force of a gas or vapour, say that of st{ 
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1 boiler, were equal to a pressure of 60 lbs. on tbe square 
icb, then its pressure would be equal to that of four atmo- 
jheres, and it would fae so stated. 

179. Mercury being the densest of all liquids, il stands at 
le least height ; it is therefore chosen in preference to any 
tber liquid in constructing barometers. 

180. Having stated in general terms how the barometer is 
instructed, and the principle in its construction for measuring 
le pressure or weight of the atmosphere, we must now de- 

ribe it a little more fully, as it is an important instrument in 
e chemical laboratory, for at the moment the chemist weighs 
r measures a gas he must take the pressure of the atmosphere 
:ans of this instrument ; and he likewise requires to know 
le atmospheric pressure when he has to make very accurate 
eighings of light bodies, in order that the weight of air they 
fsplace may be allowed for, 

181. As the height of the mercurial column varies, so does 
le quantity of mercury in the cistern vary ; for example, if the 
olumn stands high, there must necessarily be less mercury in 

: cistern than when the column stands comparatively low ; 

Dnsequently, the true variation in the length of the column is 

ot obtained by noticing the top of the mercury only, since 
B base of the column also varies, and therefore a correction 
s to be made for the amount of variation ; but this correction 

s not needed in most of the best forms of the instrument now 
made for scientific purposes ;' as the whole scale is made 

jovable, and, therefore, allows of adjustment as the level in 
e cistern fluctuates, consequently, the numbers marked on 
e scale always express ih( real distance from the level of the 

tercury in the cistern. 

182. There are other corrections that require to be made 
which we must notice : the first we will allude to arises from 
the capillary action between the glass and mercury ; this will be 
noticed in the chapter (VII.) which treats of adhesion ; the next 
correction to be noticed is that for temperature. Mercury ex- 
pands with increase of temperature, and contracts with de- 
crease of temperature, hence its density changes, and inversely 
with its expansion, and therefore the height of the column 
will be inversely proportional to tbe apeciiic gravity. To ascer- 
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lain the temperature of a barometer a thermometer is always 
attached to it. All readings have, therefore, to be reduced to 
a determinate temperature ; the temperature which has been 
adopted is that of melting ice, at which temperature the specific 
gravity of mercury is I3'6. Tables have been drawn up foC 
making the necessary correction at different temperatures. 

183. Many more examples tnight be given to prove that 
the air possesses weight ; but we will notice first the instru- 
ments already illustrated, and which depend for their action on 
the pressure of the air. The action of the pipette (Exper. 5) 
depends upon atmospheric pressure ; the lower end of the in- 
strument is dipped into a liquid, and suction is applied by iKe 
mouth or other means to the upper end ; the withdrawing of 
the air diminishes the pressure within ; the liquid is therefore 
pressed upwards by the excess of the external over the internal 
pressure ; it rises in the pipette, and on closing air-tight the 
upper opening with the finger the liquid cannot flow back even 
when the instrument is raised out of the liquid, provided the 
lower aperture is not too large ; but 
if it is so large that the air and liquid 
have sufficient space to pass each 
other, then the latter cannot, of 
course, be retained in the pipette. 

184. The syphon is another in- 
strument of frequent use in die 
chemical laboratory. It is a bent 
glass tube open at both ends, and 
is generally shaped somewhat in 
the form of a U. and it is usually 
so bent that the legs are of un- 
equal length. It is used for trans- 
■ ferring a liquid from one vessel to 
another. It may be filled by invert- 
ing it, and so inclining it that the 
orifice of the shorter leg is higher than the other ; the hquldil 
poured in until the longer leg is filled ; its orifice is then closed 
with the finger, and mote liquid is then added until the other 
leg is full ; having closed both orifices with the fingers insert 
the shorter leg into the liquid which has to be removed, thea. 
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rithdraw the fingers and the liquid wJU flow out of the longer 
eg. It is frequently made to work by inserting one leg in the 
jquid and sucking at the other end. It is by the combined 
jction of the pressure of the air and the weight of the liquid 
hat the instrument acts. The pressure of the column of liquid 
Q the immersed portion is exactly counterbalanced by the 
iressure of the water in the vessel ; and the pressure of the air 
)l equally exerted on the liquid in the two legs ; in the leg im- 
persed the pressure is transmitted by the liquid in which it is 
nserted; in the other the pressure acts directly on the aperture. 
For the syphon to act, the length of the column of liquid in the 
eg immersed from the surface of the liquid in the vessel to the 
highest point in the bend of the syphon must be less than the 
tnglh of the column in the other leg ; otherwise, the pressure 
^the ail being equal on both columns of 
Squid, and these bemg of equal length, 
here could be no flow from the outi.r timb 
if therefore the two legs are ol equal 
ength, one leg must be immersed in such 
I manner that the column of the liquid 
D the two hmbs is of unequal length 

185. There is, of course, a hmit to the 
k:tionof the sjphon, form order to com ey 
he liquid the bend of the sjphon must 
iot be at a greater height above the level 
if the liquid than that of a column of the 
iquid which the pressure ot the atmo 
phere will support \\& have leirned 
dready that it wdl support a column of 
rater 34 feet in height, and a column of 

mercury 30 inches in height , therefore, kA 

the shorter limb should be rather less in | 

length, if water has to be convened, than 

34 feet from the level of the water to the '" 

bend, and rather less than 30 inches if mercury has to be 

conveyed ; for the height to which a liquid can be raised by a 

syphon depends on its specific gravity, 

186. Another form of the syphon is represented in fig. 29. 
It is filled by dipping the end a into the liquid, and closing the 
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end h with the finger. The syphon is then filled by sucking at^ 
When both branches, »</ and irf, are full, the finger is withdraw 
and the liquid runs out at b. When syphoning acids tlie 
b ought to be provided with a stopcock, so that the finger nee 
not be employed. 

187. The gas jar filled with water or mercury, and standin 
on the shelf of the pneumatic trough, (par. 54, fig, S) is anothi 
example of the pressure of the air ; so also is the gasomet 
(fig. 9) when it is filled with water, and Ch 
stopcocks C and D are closed, and the n 
of the tube J" is opened ; no water flows froi 
F, owing to the pressure of the air. 

188. A simple contrivance sometima 
adopted by chemists for washing solid sab 
stances on filters without having to give fre- 
quent attention to the washing, is founded 01 
the same principle. A bottle is filled with 
water, and its mouth being doped air-tight by 
the finger is inverted into the filter so thai 
its mouth dips about an inch into it, as shown 
in fig, 30. As long as the mouth remains 
covered with the liquid no water escapes from 
it, but whenever so much of the liquid hM 
passed through the filter as to make the s 
"^' •'"" face sink lower than the mouth of the bottle, 

the air ascends in the latter, and the water flows < 
the mouth again becomes covered with the liquid, and ihii 
intermittent flow of water out of the bottle goes on until ril 
the water has flowed out of it. 

189. The action of the boy's toy called a sucker is due ti 
atmospheric pressure. And flies and some other animals & 
able by the same action as that of the sucker to sustain thd 
bodies in opposition to the force of gravity. 

190. It is thought that all throughout infinite space th« 
is no such thing as a vacuum ; all space is believed to b 
everywhere filled with matter of one form of aggregation 
another ; in other words there is no such thing as an 
space in nature. 

191. On the earth and within tbe limits of the earth's 
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iphere, all space, that is not filled with matter in the solid or 
liquid state, is filled with atmospheric a.ir, with a few trifling 
exceptions, as, for instance, the accutnulations of one of the 
constituents — carbon dioxide, of the air in some valleys, and 
the accumulation of gases, other than air, in some chemical 
manufacturing processes, as, for example, the accumulation of 
carbon dioxide in the fermenting vessels in breweries ; but in 
the general sense the statement is true, that on the earth all 
space, that is not filled with solid or liquid matter, is filled with 
air. We have, therefore, next to consider some of the physical 
properties of the air. 

igz The air is a mixture of several gases, viz., oxygen, 
nitrogen, carbon dioxide, ammonia, and a form of oxygen 
called ozone ; and it always contains a varying proportion ol 
aqueous vapour : there is also present in it finely divided 
solid particles of different substances which it is not necessary 
in this part of the work to specially name. 

193. The atmosphere has, it is believed, a definite limit ; 
from observations made as to the length of time during which 
twilight is visible in the zenith, it is considered that it reaches 
in a state of sensible density to a height of from forty to forty-five 
miles above the earth's surface. ' Meteorites, however, ignite 
at an elevation of about zoo miles, proving the presence of a 
medium, which, though of too great tenuity to reflect light, 
still possesses density, and offers resistance to the passage of 
bodies through iL It is probable that even this height does 
not denote the upper limit of the atmosphere.' 

194. The density of the air is not the same throughout its 
entire height, for, owing to its elasticity, its density diminishes 
as its distance from the earth increases, the lower strata having 
a much greater density than the higher strata, because each 
layer bears the pressure of the layers above it, but not of those 
underneath ; therefore, the pressure must decrease on each 
ascending layer ; the lowest layer will bear the pressure of all 
the rest ; the one next above the lowest will bear the pressure 
of all but the layer underneath it ; and the third lowest layer 
will bear the pressure of all but the two layers underneath it ; 
and so on with the succeeding higher layers, 

195. As the pressure on each ascending layer decreases so 
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thcidensity must decrease, because the density of a gas is directly 
as the pressure, and inversely as the volume. The air decreases 
in density in the following progression : at an elevation of 3-4 
miles it is \ the density of ihe air at the sea-level ; at 6'8 miles 
it is i ; at lO'a miles ^ ; at 13-6 miles -jV; and at 1 7 miles ^ 
of that density. The bulk of equal weights of air at these suc- 
cessive heights increases in geometrical progression, the volume 
being doubled for each step in the ascent ; while the density, 
and the corresponding height of the barometer, decrease in the 
same geometric ratio, being at each successive elevation exactly 
half what they were in the preceding one ; for all practical 
purposes it is sufficient to take it, that the barometer falls one- 
tenth of an inch for every 95 feet of height in this country in 
summer, and for heights not exceeding 3,000 feet. The baro' 
meter can be, and is, employed to measure the heights of moun- 
tains, and other altitudes. 

196. Not only does the pressure of the atmosphere decrease 
as we ascend from the level of the sea, but at the sea-level ihe 
mean pressure of the atmosphere varies with the latitude. At 
the equator, the mean level of the barometer is a9-84 inches; 
it increases with the latitude up to 40° N. where it amounts 
to 30-04 inches ; and at higher latitudes it again decreases. 

197. But in addition to these changes of atmospheric pres- 
sure with change of altitude or place, the pressure at the same 
place undergoes continual variations. ' It is observed that the 
course of the barometer is generally in the opposite direction 
to that of the thermometer ; that is, that when the temperature 
rises the barometer falls, and vice versA ; which indicates that 
the barometric variations at any given place are produced by 
the expansion or contraction of the air, and therefore by its 
change in density. If the temperature were the same through- 
out the whole extent of the atmosphere, no currents would be 
produced, and, at the same height, the atmospheric pressure 
would be everywhere the same. But when any portion of the 
alniosphere becomes warmer than the neighbouring parts, its 
specific gravity is diminished, and it rises and passes aw^ 
through the upper regions of the atmosphere, whence it follows 
that the pressure is diminished, and the barometer falls. If 
any portion of the atmosphere retains its temperature, while 
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the neighbouring parts become cooler, the same effect is pro- 
duced ; for in this case, too, the density of the first- mentioned 
portion is less than that of the others. Hence, also, it usually 
happens that an extraordinary fall of the barometer at one place 
is counterbalanced by an extraordinary rise at another place. 
With reference to the daily variations, they appear to result 
from the expansions and contractions which are periodically 
produced in the atmo.sphere by the heat of the sun doring the 
rotation of the earth.' — Ganol. 

198. Before commencing to describe the physical properties 
of air, taking air as tJie type of gaseous bodies in general, we must 
describe how air can be removed from a confined space, a 
vacuum being produced ; this is effected by means of an instru- 
ment called the air-pump, which was invented by Otto von 
Guerickin 1650, a few years after the invention of the barometer. 

199. There are various forms of this instrument, 
but the principle is the same in every form of it 
It is identical in principle with the water pump , 
and the principle of its construction can be very 
easily explained and illustrated : — A metallic cylinder 
(fig. 31), accurately bored, is fitted with a piston 
which is covered with a flap or valve of oiled silk 
which opens upwards ; when the piston is forced 
down, the air in the outer cylinder will, owing to the 
compression, escape into the atmosphere through 
the valve ; on raising the piston no air will be able 
to re-enter the cylinder, and owing to the pres'iure 
of the atmosphere on its upper surfice, 1 resistance 
will be experienced in raising it. If the c)hnder 
has a valve at the bottom, opening in the same dircc 
tion as that in the piston, as shown in the figure, 's.lf^ 
this valve will on thrusting down the piston be closed ^ 
by the elasticity of the air in the cylinder, while the "^ ^' 
upper valve will be opened ; on raising the piston the effect is 
reversed— the valve in the bottom of the rjhnder will be 
opened by the pressure of the air under it, and the air will, of 
course, pass through it. 

200. The air-pump, of which a perspective view is given in 
fig. 3a, ajid a section in fig. 33, is an apparatus consisting usually 
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of two exhausting syringes, B B' (tig- 33), mounted so as to be 
worked by a single winch and handle, as represented at D, and 
communicating by a common pipe, T, with a glass vessel, R, in 
which may be placed the objects of experiment. The vessel R, 
called a receiver, has an edge, S, ground smooth, resting upon 
a plate, also ground smooth, and kept in air-tight connection 
with it by being smeared with lard A stopcock C is provided 




in the pipe T, by which the communications between the 
receiver R and the syringes can be made and broken al 
pleasure. Another stopcock is provided elsewhere, by which 
a communication can be made at pleasure between the interior 
of the receiver R and the external air. To indicate the extent 
to which the rarefaction is carried froni time to time by the 
operation of the syringes, a mercurial gauge, H G M, is provided 
constructed in all respects similar to a barometer. The atmo- 
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phere presses on the stirfare of the mercury in the cistern M, 
hile the column of mercury in the tube HG is pressed upon 
^ the rarefied air in R. The height of the column, therefore, 
tstained in the tuhe, indicates the difference between the 
ssure of the externa! air and the air in the receiver. 
'When a gauge of the form represented in fig. 33 is used, it 
necessary that it should have the height of ahout 30 inches, 
3 when a high degree of rarefaction has been effected, a 
column of mercury will be sustained in the tube HG very little 
s than in the common barometer. In small pumps, where 
s height would be inconvenient, a syphon -gauge, such as that 




represented in fig. 34 is used. This gauge is screwed on lo a 
]>il}e communicating with the receiver. Mercury fills the leg 
A B, which is closed at the top A, and partially fills the leg S. 
When the atmosphere commum'cates freely with the tube D C, 
the surface of the mercury in S, being pressed by its full force, 
sustains all the mercury which the tube B A 
this tube consequently remains completely filled ; but when the 
pipe D C S is put in communication with the exhausted 
receiver, the surface of the mercury in S being acted upon only 
by the pressure of the rarefied air in the receiver, the weight of 
the higher column in B A will predominate, and the 
will fall in it, until the difference of the levels in the two 
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legs shall be equal to the pressure of the rare6ed air in the 
receiver.' ' 

201. AH the air in the receiver cannot be removed, for when 
theairhas becomesorarefied that its elastic force is not sufficient 
to raise the valve V, the degree of exhaustion attainable has been 
reached. It is easy to explain the rate at which the air is drawn 
from the receiver. If we suppose that the volume of the n 
ceiver and the pipe together is nine times that of the cylinder, 
then when the air is diffused through the receiver, the pipe, 
and thecyhnder, that in the cylinder is -^th of the whole. Thus 
by the up-and-down stroke of the piston we can remove p'^th 
of the air originally in the receiver and the pipe; and there- 
fore we leave -^ths. At ever>- succeeding stroke, -ji^th of what 
remained after the preceding stroke will be expelled, and in th( 
same way i^ths will remain. 

202. The air-pump is an important instrument in th( 
chemist's laboratory ; and it is also in frequent requisition ii 
other branches of science, 

203. Some experiments illustrating the pressure of the atmo- 
sphere will now be described, which could not be explaineilr 
satisfactorily until the air-pump had been described. In t" 
experiments it will be seen that the pressure of the air is 
ceptibleonly when it acts in one direction ; in other words, » 
there is a vacuum on the opposite side of the body to that <ij 
which the air presses,' 

Experiments Illustrating the Pressure of the Air. 

70. On one of Ihe open ends of a strong glass cylinder, a 
blndder is lo be tied so lightly as to be quiti air-tight ; the edi 
other open end of the cylinder, which must be ground and well gi 
then placed on the plate of the air-pump and pressed, so as lo make ill 
tact air-tight ; the pump is then worked to exhaust the air in thecylin 
the bladder becomes first depressed, and finally bursts, accompa — ' 
laud report caused by the sudden eotraoce of the air. The e 
must be rapid, for if the rarefaction of the air in the cylinder i) 
the bladder distends without bursting, the air passing through its — 

71. Substitute for the bladder a thin piece of india-rubber ; 
forced, in consequence of its elasticity, ioto the interior of Ule t 
If the top of the cylinder were of thin glass it would be broken. 

' Lardncr's Handbnok of Natural Philosophy. 
* A much simpler and less eipensive air-pump than the 1 
mHicieni for educational purposes. 
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204. The experiment with the cyhnder covered at one end 
ilh bladder shows why the pressure of the atmosphere on our 
odies, which on a man of middle size is equal to about 16 

i, does not in the least inconvenience us ; for as the air in 
e cylinder counterbalanced the pressure of the external air, 
id thus prevented the bladder from being burst by the 
ilternal pressure until the internal air was pumped out. in like 
lanner the air and liquids in the bodies of animals produce a 
ressure outwards eqttal to the pressure of the external air 
wards ; the external and internal pressure being equal, no part 
f the body is, consequently, crushed. 

205. The following experiment with the apparatus called 
le Magddmrg hemispheres shows very strikingly the force of 
le pressure of the air : — 

72. The apparatus consists of two hollow brass hemispheres with evenly 
ound edges, which admit of tteing brought into air-light contaj;! when 
leared with lard; one of the hemispheres is provided with a stopcoclt, 
■ ■ end lemiinales in a screw by which it can be screwed on thenlate 

lii-ponip, and on the other hemisphere there is a handle. When 
e hetnispheres are joined tcgetber, and as long as they remain filled 
'r, Ihey can he easily separated, as the eitetnal pressuie of the 
here is counteibalanced by the elastic force of the air in the ap- 
When screwed on to the pkte of the air-pump for the purpose 
pumping out the air, the stopcock is opened ; and when a sufficient 
^nstion has been effected, it is closed, and the apparatus is unscrewed 
Dm (be pump-plale ; it will now require a powerful force to separate 
m ; and as this is the case in whatever position they are held, it fol- 
s that the pressure of the air is transmitted in all direclious. The 
ctioa of the hemispheres employed \q the inventor of the apparatus, 
Ito von Guericlce, measured 113 square inches, and they were held 
gether by a force equal to about three-fourths of a ton. 

Z06, We have pointed out in par. 172 a means of proving 
lat it is pressure of the atmosphere that supports the column 
f mercury in the barometer tube ; another and most complete 
emonstration is shown by placing the instrument under the 
Keiver of the air-pump and exhausting; the column sinks as 
le pressure diminishes ; and when the air is readmitted into 
le receiver, the column recovers its original height. 

73. place a Hask, about half-hill of water under the receiver, the 
oath of the fiask being closed by a cork through which passes a glass 
be, which dips into the liquid ; when the air in the receiver becomes 
~icient1y rarefied, the elastic force of the air in the flask causes a. jet of 

er to issue from the tube. 

74. Introduce a piece of coke inlo a vessel of water, and then place 
: Jessel^under lie receiver j on first exhausting tie air an evolution of 
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mercury in the barometer ; in other words, it is a baroraete 
whose Torricellian vacuum is the receiver R. This apparatus 
has been used with great success in experiments in which a 
very complete exhaustion was required. 

211. We have now to consider more fully than has yet been 
done in the previous part of the work, the physical properties 
of gaseous bodies. The first property to be noticed is iheir m- 

pamihility, tension, or elasHcJorce, as this property is indiffereniiy 
termed. 

212. Owing to the almost, if not complete, absence of aay 
attraction between their molecules, they necessarily would be 
continually tending to occupy a larger space, unless their es- 
tension was checked by some boundary, or by some counter- 
acting force, which was equal to their own force of expansion. 

213. Liquids exert a pressure on the sides of the vessds 
containing them ; but gases exert a pressure in all directions 
upon the surfaces by which they are bounded, and the pressure 
is equal in all directions. If the resisting medium offer an 
equal resistance on all sides, the gas, by virtue of this eccentric 
expansibility will assume a spherical form. Soap-bubbles, and 
the small bubbles which rise in water, have invariably a globular 
figure, and show the eccentric expansibility of atmospheric lir 

214. If a vessel containing a gas does not enlarge with it, 
or if the elastic force of the gas exceeds the cohesive force cf 
the solid material in which it is enclosed, then a disruption of 
the solid takes place, and some of the gas escapes. But if the 
vessel is subjected to an externa! pressure, which is equal Ki 
the internal pressure, then the vessel suffers no disruption, how- 
ever weak its sides may be, as we have shown is the case with 
regard to the human body. 

Experimtnh on the Expansion and the Compression of Gates, 

75. Place a bladder filled with a stopcock, which iscloscd, thebladdo 
being half-full of air, under ihe receiver of the air-pump ; pump the m 
out of ihe receiver, and immediately the bladder will distend, and W 
readmitting the air into the receiver it wilt immediately collapse 10 ia 
original built. 

76. Press the rod of ihe piston of the fmeunmlic syringe, an liipi- 
ralus which consists of a slout glass tube closed at one end, and providRl 
«Hth a light-fitling solid piston ; it will of course move down ihe lulw, 
Ibe cfiect being that the air uctmipieuc«3 iQto a siaiiUei volunie] 
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to the lop of ihe atmosphere. If we now close the stopcock, 
D, the effect of the weight of the whole atmosphere above thai 
point is cut off, so that the surface, a, can sustain no pressure 
arising from the weight of the atmosphere. Still the level of 
the mercury remains the same, because the elasticity of the 
column of air, a D, is precisely equal to the weight of the 
whole column before this small length was cut off. The sur- 
face, A, is still pressed by the whole atmospheric column, and 
thus we see that these two different properties of the atmo- 
sphere,' its elasticity sxiA its weight, exactly counterbalance each 
other. ,. 

217. ' W'e have learned that the atmospheric pressure, under 
ordinary circumstances, is equal to 15 lbs. on the square inch, 
or to a column of mercury 30 inches high. It is evident 
therefore, that the atmospheric pressure acting on A is the 
same as would be produced by a column of mercury, 30 inches 
high, resting on the surface of A. So, also, the force with 
which the air confined in a D presses by its elasticity on the 
surface, a, is also equal to a column of mercury 30 inches high. 
The pressure of the atmosphere acting on the surface. A, ia 
transmitted by the mercury to the surface «, and balances the | 
elastic force of the isolated column, a D. 

218. ' If we now pour an additional quantity of mercury into 
the open end of the tube at C, an increased pressure, arising 
from the weight of the metal, will be transmitted to the surface, 
a, and will prevail over the elasticity of the confined air ; the 
surface, a, will therefore rise towards D, compressing the air 
into a smaller space. On continuing to pour in mercury, until 
the surface, a, rises to b, or half-way between a and D— that is, 
until the contined air is compressed into exactly half its former 
limits — it will be found, on drawing a horizontal line from die 
surface b to the opposite b' in the longer limb, that the column 
of mercury, b' B, measures 30 inches, the weight of which is 
equal to the atmospheric pressure. The force with which the 
surface, b, is pressed upwards towards D, is therefore equal to 
turn atmospheres, or double the force with which a was pressed j 
upwards towards D. Hence it appears that the elasticity of j 
the confined column of air, b D, is double its former elasticity I 

^ This applies not od1> la oil bul La ;U1 g^iseous bodies. ■ 
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rhen filling the space « D ; so that when the air is compressed 
ato half its volume, its elasticity is doubled. If we again pour 
ttercury into the tube at C, until the air enclosed in the shorter 
imb be reduced to a third of its bulk, as at c D, the com- 
iressing force will be equal to three times the atmospheric 
iressure. The height of the compressing column of mercury 
fould reach to C, namely 60 inches above the level, e. If we 
till add mercury, until the column rise to the height of 90 
iches above its level in the short limb, the elastic force of the 
onfined air would be four times greater than at first, and it 
Pouid be compressed to the bulk of one-fourth its original 
rolume. The csperiment proves that the tension or elastic 
'orce of gases varies in exactly the same proportion as their 

219, 'As in a state of rest the tension everywhere exactly 
the pressure, the two terras are frequently interchange- 

ble, although it is usual to estimate pressure as so many pounds 
n a square inch, and to measure the tension by the height 
f the column of mercury which it is capable of sustaining, 
jther of these measures, however, can always be easily reduced 
> the other.' ' 

220. When a gas in a confined space is heated, its tension 
tcreases by ^1-^ its value at 0° C. for every degree Centigrade 
irough which its temperature is raised. This is part of 
.barles's law and may be thus expressed ; — T/ie tension of a 
instant volume of gas varies directly as the absolute tempera- 

221. — The rate of expansion of gases at increased tempera- 
ires has been stated in general terms. We must now enter 
lore fully into the subject It was there stated that the rate 
\ expansion of all gases is equal and uniform at all degrees 
Fheat. Although this is sufficiently accurate for all chemical 
quirements, the coefficient of expansion is not rigidlyuniform 
ar all gases.^ A volume of any gas at the melting-point of ice 

Toralinson'B Pneumatic!. 

The mare reatiily condensable gases display irregularities, especially near 
^btax points of solidification and liquefaction. Regnault and Magnus havs 
published independent and elaborate investigations on the expansion various 
gases undergo by the application of heat. According to Iheir eiperiments the 
cocSicient of expansion is not rigidly unifoim for all gases, the expansion being 
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increases in bulk, the pressure remaining constant during the 
operation, to i 3665 volumes when raised to the temperature of 
boiling water. As on the Centigrade scale the inten-al heiween 
the melting-point of ice and the boiling-point of water is, as we 
have learned, divided into 100 degrees, it follows that anygi 
which measured one volume at the meiting-point of ice would 
increase 0003665 in bulk, for each degree it increased i: 
temperature. 

222. As the interval, between the melting-point of ice am 
the boiling-point of water on the Fahrenheit scale, is dirided 
into 180 degrees ; it results that, for each degree F. that the 
gas increases in temperature, it must increase in bulk , 
Knowing the coefficient of expansion, we can compute the 
volume a gas would occupy at some other temperature than 
that at which it was measured ; we will explain how these 
calculations are made, and give a few exercises for the studeni 
to work out. 

223. To (ahulate the volume of a gas from a lower to a kightt 
temperature on the Centigrade scale, we multiply the number by 
0-003665, which is the amount we have learned one volume of 
any gas expands for each degree C, and to the product thus 
obtained we add i for the volume unit ; we then multiply the 
number thus obtained, by the number of volume-units 
gas measured at the lower temperature ; this will give us 
volume the gas we have measured would occupy at the higher 
temperature. Suppose, for the sake of illustration, we wanted 
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know what volume a gas measured at 0° C. would occupy at 
1° C, we multiply 0003665 by 30 and add one for ihe yolume- 
lit, which gives i'oiog9; we then multiply the. number we 
ave obtained by the number of volume-units the gas measured 
the lower temperature ; this will give us the volume the gas 
e have measured would occupy at the higher temperature. 
3ur example the lower temperature is 0° C., and the higher 
perature is 30" C, and suppose the gas measured 20 cubic 
iches at 0° C. we should have to multiply 1*01099 ''Y ^° i *^^ 
oduct would be the volume the 20 cubic inches the gas 
easured at 0° C, would occupy at 30° C. ; thus,— I'o 1099x20 
3o'2i98, the number of cubic inches the gas would measure 
30° C 

The following would be the general formula for calculating 
le volume of a gas from a lower to a higher temperature, 
icording to the Centigrade scale, v denoting the known volume, 
the unknown volume, and / the temperature : — 

7f,=rx(H-'oo366s>c^). 
224- To reduce the volume of a gas from a higher to a lotver 
mperature on the Centigrade scale, the number of volume-units 
e gas measures at the higher temperature must be divided by 
le number obtained by multiplying 0-003665 by the thermo- 
itric degree at which the gas is measured, and adding to the 
jduct I for the volume-unit; thec]uotient will be the volume 
; gas will occupy at the lower temperature. As an example, 
will reverse our former illustration. What volume will 
■2198 cubic inches of gas at 30° C, occupy at 0° C, ? 



The following is a general formula for reducing the volume 
I gas from a higher to a lower temperature, according to the 
lentigrade scale : — ~ 



225. The volume of a gas from a lower to a higher tempera' 
•e on the Fahrenheit scale may be calculated thus : 491 volumes 
a gas increase one volume for every increase in degree on 
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the F. scale ; therefore 491 volumes at 32° F. would measure 
509 volumes at 50° F., because there is a difference of 18° 
between 32° and 50° ; therefore if we wished, for example, to 
know what volume 20 cubic inches of gas at 32° F. would 
measure at 50° F., we make the following proportion sum :— 

491 : 509.120 : 20733. 

The general formula would be (/j denoting the temperature of 
the unknown volume) : — 

., _g^X49i +(/i-/) 
491 

If, instead of calculating the volume of a gas from a lower tea 
higher temperature, we were by this plan to reduce the volume 
from a higher to a lower temperature, the calculation would be 
as follows, reversing our former illustration, viz., What volume 
will 20733 cubic inches of gas, at 50° R, occupy at 32° F.? 

509 : 491 :: 20733 • ^=20 cubic inches. 

The general formula would be : — 



z 



, _ Z/X4 9I 



491 + (^-^1) 



Exercises on the coitiputation of the volume of gases at different 

tettiperatures, 

78. A gas measures 20 cubic inches at 50° F. What would it measure 
at 60T.? 

79. A gas measures 1 5 cubic inches at 90° F. What would it measure 
at 60^^ F. ? 

80. A gas measures 7-3 cubic inches at 180° F. What would it measure 
at 60° F. ? 

81. A gas measures 100*3 cubic inches at 40° F. Whatwould it measure 
at 60° F. ? 

82. A gas measures 107 cubic inches at 320° F. What would it measure 
at 80^ F. ? 

83. A gas measures 15 cubic inches at 0° C. What would it measure 
at 60^ C. ? 

84. A gas measures 40 'i cubic inches at 100° C. What would it measure 
at 0° C. ? 

85. A gas measures 3*5 cubic inches at 0° C. What would it measure 
at 80^ C. ? 

86. What would a decilitre of gas at 0° C. measure at 80° C. ? 

87. What would 7 cubic centimetres at 24° C. measure at 0° C. ? 

88. A room of 2000 cubic feet capacity, is heated from 60° to 80" F. 



!6. As hot air is lighter than cold air, air as it becomes 
ated rises and accumulates in the upper part of a room. 
lis is easily demonstrated by partiaHy opening the door of a 
a room, and holding a lighted candle near the top; if the 
Ddow be not open, the flame will be forced in the outward 
ection by the current of heated air which is escaping from 
room. Midway down, the flame will not be affected either 
rards or outwards, it wiO be stationary ; while near the floor 
ffill be blown into the room by reason of the cold air enter- 
[ at the bottom. 

227. By the respiration of human beings and other animals, 
i by the burning of substances for the production of heat 
d light, the oxygen of the air is being constantly removed, 
d is rejilaced by carbon dioxide, which is emitted from both 
e sources ; and this gas is inimical to animal life, and isin- 
pable of supporting combustion. The air of a room where 
ople are assembled requires to be constantly renewed, 
tether combustible substances are being burnt or not. The 
lantity of carbon dioxide evolved by the lungs and skin ot 
e person ' amounts to about 07 cubic foot per hour. In order 
(It it may be breathed again without inconvenience, this 
Duld be distributed through at least 140 cubic feet of fresh 
r a space measuring 5-2 feet each way '; hence the neces- 
or a constant supply of fresh air by ventiiatton even when 
a.s, candles, &:c., are burnt, but when combustibles are 
rnt, the necessity is increased enormously. The contaminated 
proceeding from both sources — respiration and combustion 
being of higher temperature than the surrounding air ascends, 
Ider air which is fresh, taking its place ; it requires, therefore, 
ly proper ventilation of rooms for this contaminated air to 
carried away. 

!8. The ventilation of rooms, the student will see from 

at has been stated, is an important art, and is dependent on 

currents produced in air by differences of temperature. 

le draught of a fire is simply caused by the ascent of the 

tted air in the chimney, and the ascent is quickened by 
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rcafon of ihe chimney keeping the heated air together ; and 
Ihc longer the chimney the more powerful the draught ; this is 
ihe reason why factor>- chimneys are made of such a length ; 
it is not, as many suppose, for solely carrying the smoke high 
up in the air. As tall chimneys quicken the draught, chimneys 
of short length have only a moderate draught ; hence the 
chimneys of cottages, and the upper rooms of houses are more 
liable to smoke than those that are longer, as the draught is 
proponioned to the length of the chimney. If the section of 
the chimney is larger than is necessary to allow an exit for the 
products of combustion, descending as well as ascending 
currents are produced in it, which causes it to smoke. In 
optn firrplacts, a large quantity of the colder air of the room 
enters the chimney above the fire, and mixes with air heated bj 
the fire ; this mixture ascends more slowly than if hot air alone 
had entered the chimney. By excluding a portion of the cold 
air by placing a plale of metal or even a piece of paper aaoss 
the opening, the fire begins to bum more quickly, by reason of 
the draught being increased, owing to the exclusion of the cold 
air. In dose fireplaces, as those of steam-engines, when the 
furnace door is shut, no air can enter the chimney but directly 
through the fire ; a powerful draught is consequently produced. 
' Rumford was the first to attempt rational improvements in 
chimneys. He reduced the opening of the chimney and the 
depth of the fireplace, and added polished plates inclined a 
an angle which serve both to guide the air to the fire, and lo 
reflect heat into the room.' An open fireplace, however im- 
proved, will always be an imperfect and costly mode of heating ; 
it is estimated that only 13 per cent of the total heat is made 
available ; but although an imperfect and costly mode of heat- 
ing, it ensures good ventilation. The fresh air to supply that 
carried up the chimney is usually supplied through the crevice* 
of the doors and windows ; if no fresh air were admitted into 
the room, there would be produced a downward current of ail 
in the chimney, and as a consequence the chimney would 
smoke. 

Exercise on Ventilation. 
89. A chimney, 4 fret in length, is filled wiih air of the average lem- 
peialure of 104" F., ihe oulcr sit bKing 44-5° F. What heighl wcmld be 
tbe column of ihe uuler lur, which Ihg air in ihe chimney would ' ' ' 
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d what wqnld be the ascensional force of air in Ihe chimney oning to 
dilTerence in weight of equal columns of the Inner and outer air ? 

229. In par, 4 it is stated that matter in one state of aggre- 
ion can be made to pass into one or both of the other two 

;s of aggregation, by the application of beat, cold, or 
isure, or by a combination of pressure and one of the other 
agents. All known gaseous bodies have now been Jique- 
; some are easily liquefied, either by pressure or cold ; others 

[uire intense pressure combined with extreme cold ; and 

oe have been solidified. 

230. Faraday, who was one of the earliest to liquefy gases, 
(pted a very simple method for liquefying the gases that are 
3t readily liquefied ; a substance, containing the gas to be 
lefied as a constituent, he placed in one of the bmbs of a 
ang narrow bent tube (fig. ^^, the open end of which was 

sealed up. The gas was disengaged from the substance 
ilaining it by heating that end of the tube, and immersing 
other limb in cold water ; the gas accumulating in the tube 
ame liquefied by its own pressure. With 

easily liquefied gases he had to employ 
i with the pressure. But with this appa- 
ls he was unable to liquefy many gases : 
iehave since yielded to more intense pres- '"" ^°' 

;s and more extreme cold than he was able to employ ; 
the liquefaction of hydrogen and oxygen, for example, it 
uires for the liquefaction of the former a pressure of 450 
lospheres, coupled with a temperature of —140° C. ; and for 
latter IJ'S atmospheres, and a temperature of — 136° C, 
Z31. When the pressure is removed the liquefied gas vola- 
ies, and its volatilisation is, of course, attended with a great 
jinution of heat, so much so that in some cases a portion 
the liquefied gas is solidified ; in this way the gas, carbon 
dde, was long ago obtained in the solid state ; and very 
ntly oxygen had also been solidified by like means. 
232. From what has been stated about the liquefaction of 
s, the student will no doubt generalise that some bodies 

are gaseous in our chmate would assume the liquid state 
iie Arctic regions ; just as some bodies that are in the liquid 
e in our climate would there be in the solid state, and he 
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will havt; generalised corrtnly ; he may also, probably, fiinl 
generalise, and the generalisation will be correct, that si 
bodies that exist in the liquid state in our climate becai 
gaseous in tropica] countries. The vapourisation of liquids ( 
form the subject-matter of the next chapter. 
Examination Questions. 

90. Explain the dislinclion lielween mass and weight. 

91. Explain tbE principle of the syphon, and stale the limkadaa of 

92. Describe the barometer, and explain how it may be used lor 
terinining the difference of the altitudes of two stations. 

93. A body when placed successively in the two pans of a iulant 
weighs in one pan 63 grammes, and in the other 65 ; calculate ' 
weight. 

94. Give your reasons for prererring an air ihermcimeler as t 
means for measuring temperature. 

95. Suppose yuu wish to verify the accuracy of a Centigrade Iherow- 
meter at its frceting and toiling points, desrribe in detail how 
proceed to do so ; which point would you commence with first 
reason for your reply. 

96. If ice at the freezing-point is dissolved in ten times its we^il g( 
water at 20° C, what will be the temperature of the mixiuteT 

97. A small cube of wood is placed floating in a ^lass of wi 
glass is then placed under the receiver of an air-pump, which 15 then ^-_. 
exhausted : will the wood rise or sink I Explain clearly your answer. 

gS. State the law of dilatation of gases for changes of temperature. 

99. 40 cubic centitn^res of atmospheric air are enclosed in a tubei 
mercury, the height of the mercury in the tube above the level inlhelio 
outside being 50 cubic centimetres. The tube is depressed, uddl 
mercury in the lube above the level in the trough is equal tojocentimi* 
What is now the volume of air ! The temperature (iS''C.), and 
height of the barometer (76 cenlimttres), have not changed during 
observations. 

100. It is found that a kilogramme of water at IQO° C, mixed wili. 
kilr^amme of snow without loss of heat, gives 2 kilogrammes of water ' 
the temperature of 10' C. Show how to find from this the latent heal' 

tot. As gravity acts on all substances with the same intensity, why) 
bodies fall through the air with unequal velocities! 

!02. A certain quantity of air at atmospheric pressure has a volumC' 
2 cubic feet, the temperature being 55° F. What does the volume of i 
become when the pressure is increased by ^, the temperature nieanwW 

103. Can you assign any reason why two chimneys should not cm 



104. If only 13 per cent, of the total heal yielded by coa! is ol 

by burning it in an open fireplace, what becomes of the rest of the heat? 
to5. Explain scientifically why a chimney ought to be at least rf 

106. Slate precisely, and illustrate by numerical example, the 1 
which give us the relations between the temperature, the pressure, and 
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107. 500 cubic centimetres of oxygen are measured when the tern- 
alure is 20° C. ; the lemperatute is auhsequenlly raised to 40° C , the 
ssure meanwhile remaining invariable. What is the volume of oxygen 
the latter temperature! (The coefficient of expansion of oxygen is 

loS. Air is alloweii to expand to double its original volume ; how 
ch must its temperature be raised that its pressure may remain un- 

.ngedf 

109. Let the volume of a gas be 5 litres at the pressure of 290 milli- 
:res of mercury, and at 10° C. What will lie ils volume at the pressure 
[50 millirahres and at 73° C. ! Use the coefficient o'oojes^. 



CHAPTER IV. 



|:fOR»ECTION OF C 

us VAPOUR— EXERCIS KS— 4J U ESTION S. 

(^133. Solid and fluid bodies, in the gaseous state, are called 
(tours, and their conversion into this state is called evapora- 
in, or vaporisation. Vapours, of which steam is the most 
niliar to us, are light, expansible, and generally colourless 
ses, resembling air, and other gaseous bodies ; but vapours 
; more readily condensed by a change of a temperature than 
'dies which are gaseous under the ordinary conditions both 
temperature and pressure. 

234. Vapours, when they are separated from the liquids 
lich have yielded them, obey the same laws as gases ; but if 
e liquid is present, heat not only expands the vapour, but 
io increases its volume by the addition of a new quantity of 
pour. 

Example : Steam, when heated by itself, apart from the 
)md which produced it, does not possess a greater elasticity 
to an equal bulk of air confined and heated to the same de- 
ee, and may be heated to the temperature at which the con- 
ining vessel becomes red-hot, without acquiring great elastic 
rce ; but if water be present, then more and more steam 
intinues to rise, adding its elastic force to that of the vapour 
eviously existing, so that the pressure becomes excessive. 
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23s The passage from ihe liquid state lo the stale of 
\-apour is distinguished from the passage of the solid state to the 
liquid state by the important fact that, whilst the liquefaction 
of each solid is produced at one temperature, the vaporisation 
of each fluid occurs at a variety of temperatures. 

236. When a ]i(]uid vaporises, with or without the applica- 
tion of heat, and the elastic force of the vapour is not equal 10 
the pressure of the atmosphere, the process is called evapora- 
tion, and the liquid is said to evaporate. 

237. When a liquid vaporises, with or without the applia- 
lion of heat, and the elastic force of its vapour is equal to the 
pressure of the atmosphere, the vapour produces a bubbling or 
boiling, and the liquid is said to boil ; and the temperature at 
which this takes place is called the boiling-point of the liquid 
In evaporation, the vapour is formed only from the surfatl 
liquid ; in boiling, the vapour is formed from the whole 
the liquid. 

238. It will be evident, from what has been stated, that if 
the pressure of the atmosphere be diminished, either artifidallj 
or by ascending to greater heights in the air, as the lops (rf 
lofty mountains, liquids will, on account of the diminished 
pressure boil at lower temperatures ; ' and if the pressure be 
increased, either artificially, or by descending into mines, liquids 
will, on account of the increased pressure, boil at highi 
peratures : in other words, the boiling- point of liquids varies T(>ilh 
the pressure. Nevertheless, the temperature at which eocti 
liquid boils is quite constant under the same circumstam 
the boiling-point often becomes a physical character of great 
importance in distinguishing liquids which much resemble 
each other ; as different liquids, under the same circumstances 
boil at very different temperatures. Ether, for example, boilsit 
g4°-8'' F., whilst mercury boils, under the same circumstance 
at 663= F. 

239. The following very simple and beautiful experimei* 
proves that, with the diminution of pressure, liquids boil tf 

' We have already noticed that ihe heights of mountains can be m, 
by means of the barometer ; they can also be measured by ascertain 
means of a very delicate iherniomeler, at what leraperattire water be 
cUflereOEa of about 1° F. U occssaned by an asceol of about 535 feci. 
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Bower temperatures. A little water is made to boil in a flask 

^ntil all the air is expelled, and the steam issues from the neck. 

^ tightly fitting cork is then inserted, and the lamp at the same 

Ipoment withdrawn. By plunging the flask into cold water the 

tailing is renewed, because a partial vacuum is produced 

' the cold water condensing the steam in the flask. The 

•.ases on plunging the flask into hot water, because the 

am ceases to be condensed, and its pressure stops the boiling. 

240- In a Papin's digester, which is a tight and strong kettle 

(dth a safety valve, water may be raised to 300° F., or 400° F., 

nthout boiling, but the instant that the great pressure is 

cemoved, the boiling commences with great violence. 

241. There are other circumstances besides pressure which 
Influence the temperature at which liquids boil. The presence 
a solution has been found to assist the evolution of 
rspour. Water deprived of air may be raised many degrees 
ifcove its boiling-point, and it will then be suddenly converted 
Into steam with explosive violence. ' The nature of the vessel, 
t rather the state of its surface, also exercises an influence on 
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ind this to a much greater extent than was 
s long been noticed that in a metallic 
mder the same circumstances of pressure, at 
r two degrees below that at which ebullition 
; but it has been shown that, by particular 
Bnanagement, a much greater difTerence can be observed. If 
(%wo similar glass flasks be taken, the one coated on the inside 
I film of shellac, and the other completely cleansed by 
lot sulphuric acid, water heated over a lamp in the first will 
joilat an" F., whilst in the second it will often rise to 221° F., 
1 higher, A momentary burst of vapour then ensues 
md the thermometer sinks a few degrees, after which it rises 
pain. In this state, the introduction of a few metaUic filings, 
«■ angular fragments of any kind, occasions a lively disengage- 
ment of vapour, while the temperature sinks to 212° F., and 
Ben remains stationary. These remarkable effects must be 
tributed to an attraction between the surface of the vessel and 
e liquid. The solution of solids in a liquid, on account of 
Bbe adhesion between them, also causes the liquid to boll a: 
igher temperature. 
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242. An opinion formerly prevailed that not only boij 
which are vapours at a moderate temperature, but even si 
stances, as the earths and some of the metals, which cannot 
volatilised in the fire, emit vapours at all temperatures, e 
the lowest. This has been shown by Faraday to be an a 
neous opinion. He has proved that there is a teniperar 
below which volatilisation ceases~a temperature which vai 
for different substances. For mercury, the limit is about 40' 
for sulphuric acid the limit is much higher, since the » 
undergoes no sensible evaporation at ordinary atmosphe 
temperatures. The cohesive force between the particles a 
liquid is greater probably than the repellant power between 
particles at the temperature at which the liquid ceases 
evaporate, and it is this which puts a stop to the evaporatiM 

243. Some solid bodies, such as camphor and arse 
pass at once into vapour without being liquefied ; but n 
solids become liquids before they are converted into vap 
Even ice and snow can evaporate without first liquefying, 
is owing to this evaporation that patches of snow and tufe 
ice are observed gradually to disappear even during the c 
tinuance of a severe frost. 

244. On the application of heat to a liquid, the tempt 
of the liquid continues to increase until the boiling-poild 
reached ; but the moment ebullition commences, the tempi 
ture of the litjuid remains stationary, however intense tlie h 
applied may be, and however long continued. This fact tS 
importance in domestic economy, particularly in cookery, 1 
attention to it would save much fuel. Soups, &a, made 
boil in a gentle way, by the apphcation of a moderate heat, 
just as hot as when they are made to boil on a strong fire 1 
the greatest violence. 

245 Although liquids are converted into vapours at 1 
below the ordinary temperature of the air, they neverthe 
require for this conversion a large amount of heat, wl 
becomes latent in the vapour. If, for instance, a few drops 
ether be allowed to fall on the hand, the ether evaporates, : 
a sensation of cold is experienced, because the ether requ 
for its vaporisation a lai^e amount of heat, which it obta 
from the hand, hence the cold. Water may even be iiOM 
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d absorption of heat occasioned by its own evaporation, 
porous water-jars which are used in warm countries 
keep liquids cool owe their efficacy to the latent heat of 

|)OUT5. 

f6. The sensible heat of vapours is the same as that ot 

: liquids from which they are produced, therefore a vapour 

iduced from a liquid which has the temperature of 6o° F. will 

have that temperature ; but if the liquid had a tempera- 

13° F., the vapour would also have a temperature of 

"F. 

I 247. Equal weights of different liquids require very dif- 

nts of heat to convert them into vapour. But a 

lich larger quantity of heat is necessary to convert fluids into 

i than solids into fluids. As an example, observe the 

intity of heat necessary to convert ice into water, and water 

steam : i lb. of ice at 32° F. requires for its conversion 

I lb. of water at 32" F., 142-65° F. of heat ; in other words 

e is as much heat absorbed in the liquefaction of i lb. of 

ts would raise i42'65 lbs. of water through 1° F. ; but i lb. 

§ water at 212° F. requires for its conversion into lib. of steam 

!i2° F., gee-e" F. ; so that 966-6° F. of heat have become 

1 converting water into the vaporous state ; the latent 

lat of steam is therefore 966-6° F. ; consequently, the con ver- 

)f 1 ib. of steam at 212° F. into water at 212° F. would 

e as much heat as would raise 966-6 lbs, of water 1° F. 

e heat necessary for the vaporous state is abstracted, the 

)oiir is converted into the liquid state. The well-known 

is of distillation is an application of this principle. 

B. Equal bulks of different liquids produce very different 

es of vapour. Water furnishes, bulk for bulk, a much 

amount than any other liquid, a cubic inch of water at 

" F. expanding to nearly a cubic foot of steam at 212°, or 

e it accurately, to 1,696 times its volume. The following 

|)le shows the volume of vapour which is furnished by a cubic 

fch of four different liquids, at their respective boibng- points. 

bua] volumes of different vapours, taken at the boiling- 

\ of their respective liquids, consequently possess very 

snt weights, as is shown by the last column of the 
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193 



314 



14-93 
40-49 
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249. Before proceeding farther with respect to the elasiic 
force of vapours, it is necessary to describe the mode of de- 
termining the boiling-point of liquids, and their distillation, as 
these are operations in frequent use in chemical laboratories. 
The size of the vessel in both operations is determined by the 
quantity of liquid at the command of the operator. 

25a We have already noticed that the temperature at which 
each liquid boils is quite constant under the same circum- 
stances. VVe have also learned that other circumstances besides 
pressure influence the temperature at which liquids boil; but these 
circumstances do not affect the temperature of the vapour of the 
boiling liquid ; this at once adjusts itself to the pressure of the 
atmosphere, and is always constant for the same liquid under 
the same pressure. In determining, therefore, the boiling-poini 
of a liquid we do not allow the bulb of the thermometer to diii 
into the liquid, but we bring it almost into immediate coniaci, 
so that it may be completely surrounded by the vapour, 

251. As the boiling-point of any body of definite composi- 
tion, and perfectly pure, is stationary during the entire time 
it is kept boiling, whilst the boiUng-point of a mixture ol 
substances keeps constantly increasing as the more volatik- 
subsiances evaporate, the boiling-point becomes the mofl 
important physical character for determining the identity and 
purity of a volatile liquid. 

252. When we have only a small quantity of liquid 10 
operate upon we may employ a test-tube fitted with a cork ; 
the cork must be pierced with two holes, in one of which ij 
inserted the thermometer, and in the other the exit-tube. If 
we have a large quantity of liquid at our command, we maj 
employ a tubulated retort ; the tubulure is fitted with a coA 
pierced with one hole, in which the thermometer is insent 
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■|f we do not wish Co lose any of the liquid, we condense the 
.pour by connecting the exit-tube from the test-tube, or the 
rak of the retort, with a Liebig's condenser (see fig. 40), The 
iquid is allowed to boil until the greater part of it has distilled 
;r : we note the pressure of the barometer, and we also 
,e the temperature during the whole time. 

253. The temperature indicated by the thermometer is 
i than that of the true boiling-point, if only part of the stem 
the thermometer is exposed to the vapour of the liquid. 

■or a thermometer to indicate the true temperature of vapour 
r any other medium, it is necessary to immerse both the bulb 
nd stem in the medium whose temperature is to be measured; 
ir if the stem of the thermometer is exposed to a lower tem- 
erature than the bulb, the whole of the mercury will not be 
dly expanded, and the thermometer will indicate too low a 
imperature : this difference between the indicated and the 
Tie temperature becomes impor- 
int when the temperature of the 
ledium greatly exceeds that of the 

254. We can adopt one of tno 
lethods for obtainmg the exact 
:mperature at which a liquid boils 
re may either have, by a simple 
jntrivance, the stem of the ther 
IOmeter immersed in the vapour 
F the boiling liquid , or ne may 
C calculadon make the necessary 
jrrection. We will describe both 
fiChods :— 

I. The following simple appa 
itus for the exact determination 
f boiling-points has been devised | 

Berthelot. It consists of a long 
ecked glass flask {fig 39), having 
capacity of 100-200 c.c. The *'°- ^'* 

x;k is enclosed in a wide glass tube, closed with two perfo- 
ted corks, and passes through the lower cork ; and the tube 
■ a thermometer passes through both ; its bulb and s 
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thus immersed in the vapour of the boiling liquid. The lo» 
cork is also traversed by a bent tube, which serves to carry oE" 
the vapour to a condenser, and thus prevent any excess 
pressure in the apparatus. Due attention must be paid, in taking 
[he observations, to the barometric pressure at tbe time. 

2. For making the correction by calculation it is necessaty 
to know the mean temperature of the exterior portion of the 
column of mercury exposed to the air, compared with that part 
below the cork A, surrounded by the vapour; for this purpose 
we fix to the stem of the first a second thermometer, in such , 
a way that its reservoir is about the middle of the column of 
mercury which is above the distillatory apparatus. 

If we represent by 7^ the temperature indicated by the 
thermometer in the vapour, by /° the mean temperature, and 
by TV the number of degrees which the exterior mercuiy 
column measures ; lasdy by c, the coefficient of the apparent 
expansion of mercury in glass (r=o-oQoi54 for i°C), the 
quantity to be added to T° for obtaining the true boiling- 
point becomes 

N. (T-t) ?: 

As an example, supptSse we have found i7i'3° C.^=T for ihe 
boihng-point of the liquid, with a thermometer having 25 
degrees above zero in the distillatory apparatus ; in this case, 
i7i'3°-25. or i46-3°=iV. If the exterior thermometer indi- 
cates 43"=/ for the mean temperature of this portion of the 
column of mercury, 171-3-43°, or ia8-3=(7"— /■). The eoi- 
rection becomes then — 

i46-3°x 128-3 Xo-oooi54=z-9=, 

and we find that the true boiling-point of the liqui 
observed barometric pressure is 

i7i-3"-(-2-9°=i74'2. 

255. The operation by which a liquid is converted into 
vapour ; and the vapour is re-converied into the bquid state, il 
termed distillation. In this form of distillation, which we shall 
term ordinary distillation, there is no alteration in the constitu- 
tion of the substances which distil over; but there is a form of 
distillation, which is termed destructive distillation, in which the 
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is destroyed, and gaseous and liquid bodies 
the destruction, and they distil over ; the 
al-gas is a familiar example of destructive 
hall at present explain only ordinary dislilla- 



We can by means of ordinary distillation separate 

ftuids of different volatilities ; and we can separate liquids from 

e solid bodies which may be dissolved in them. The chemist 

t of his operations, has to employ pure water, he has 

Jerefore to distil the well or river water to free the water from 

: solid substances these waters always contain ; the pure 

;r thus obtained generally goes by the name ' distilled water.' 

n fresh water is not to be had on board ship, or in the 

teighbourhood of the sea, the sea-water is distilled to obtain 

Bis necessary lii|uid. 

257. The sliU, as the apparatus is termed which is used on 
lie large scale, consists of three parts, viz. the body which holds 

e liquid to be distilled (the body is placed over a furnace) : 

n the body proceeds a tube for the vapour to escape by, 

; tube terminates in a spiral pipe of tube called the worm ; 

worm is in a kind of cistern which is being constantly 

hpplied with cold water during the distillation. The vapour 

J condensed in the worm, owing to the worm being always 

^t cold during the operation by the cold water which 

rrounds it externally. The cold water is conducted to the 

fejttom of the refrigerator, as the cistern containing the worm 

called, thus displacing the heated water, which, on account 

its less specific gravity, rises to the upper part of the re- 

ftigeratoT, and flows off. 

258. The arrangement of the distillatory apparatus employed 
tl chemical laboratories varies with the kind of liquid to be 
Sstilled ; a moderate or a very high temperature, for example, 
jay be required for the conversion of the Hquid into vapour 
B the range of temperature at which different liquids boil and 

; converted into vapour is very extensive ; in like manner 
lie temperature at which the vapours of different liquids are 
;d varies exceedingly : some are condensed at such a 
fcoderate temperature that no special condenser is required ; on 
jhe other hand some require an exceedingly low temperature to 
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effect their conden^tion. In such a work as this, it would 
be out of place to describe ail the Tarious modi ii cations of the 
apparatus required for the di'sdllation of different liquids ; 
we shall therefore describe the most usual form of the distillaioir 
apparatus. 

259. A retort or flask is employed to hold the liquid lo be 
distilled ; a stoppered retort (A) is the holder shovm in fig. 4°- 
The condenser employed is called, after the name of the 
inventor, Liebig's condenser ip) ; it consists of an outer 
metallic or glass tube ; into this is fitted, by means of perforateJ 
corks, a glass tube, c, about 30 inches in length ; into tiiis lube 



the neck of the retort is fitted. Into ih^ j.-ui-^ ^j^^.^^l ^l-U' 
and inner tubes of the condenser a constant stream of cold 
water flows from the vessel d ; the heated water running out 
through the tube e. The condensed vapour passes into the 
receivery! When the liquid has been placed in the retort, and 
the apparatus is all arranged, and the space between the l«o 
tubes in the condenser has been filled with cold water, heat 
is gradually applied to the retort by means of a gas-burner, as 
shown in the figure. 

260. By a single distillation, carried on in this manner, 1 
liquid can he perfectly separated from one or many non-voU- 
tile substances ; but two or more volatile liquids cannot be 
separated by a single distillation, owing to liquids evaporating 
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oelow their boiling-points ; the two liquids pass ( 
but in different proportions, the more volatile passing c 
the largest proportion in the firet portion, and the less volatile 
in the last portions, of the distillatt ; and of course the greater 
the diHerence in the boiling-points of the liquids the more 
perfect the separation effected. But in order to obtain a 
perfect separation more distillations than one have to be made, 
and portions of the distillate have to be collected separately, 
the receiver being changed at every increase of 5" C., as the 
boiling-point of a mixture of Uquids is not stafwnary, as the 
temperature keeps gradually increasing. And to facilitate the 
separation, a modification of the distilling 
vessel has to be made ; this kind of distilla- 
tion is called_/>-ai-//o«o/ distillation, which we 
■will brieQy describe. 

261. The mode for facilitating the sepa- 
ration of different liquids consists in causing 
the less volatile of the liquids to condense 
in the upper part of the distilling appa- 
ratus, and flow back into the flask containing 
the liquid. The best mode yet devised for 
effecting this condensation is to insert into 
the mouth of the flask, by means of a per- 
forated cork, a vertical tube represented in 
fig. 41, having several bulbs blown upon it, 
and a side tube to assist in conveying back 
the condensed liquid into the flask. In the 
mouth of the vertical tube a thermometer "^' *'' 

is inserted ; its bulb is passed down into the uppermost bu!h on 
the tube. To effect the separation of different liquids, even with 
this modification, the receiver must be changed at every 5° C. 
And each fraction thus obtained must be submitted to another 
fractionation until each fraction has a constant, or almost con- 
stant, boiling-point. 

262. Wanklyn has shown that we cannot, even by fractional 
distillation, laborious as the operation is in many cases, sepa- 
rate different liquids, if the vapour-tensions and vapour-densities 
are proportional to one another, for in such cases the mixture 

j distils over unchanged. 
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68' of sensible heat. 
1062' of latent heat. 



If liquids required for their conversion into vapour the 

Rne total quantity of heat, there would be no economy in 
istilling at one temperature rather than another. 

269. Regnault has submitted the subject to a rigorous ex- 
mination, and his results show that the total amount of heat 
1: all temperatures is not the same, but increases by a constant 
ifference equal to o'305 for each degree C. He found that 
le latent heat of steam at o°C. is 606-5 i ^° t^^^t the formula 

calculating the total quantity of heat in steam at different 
leratures becomes — 

X=6o6-5 + o'305i', 

isrhich X represents the sum of the latent and sensible heat, 
Be 606 '5 is the latent heat of the vapour at □", and / the 
1 temperature. 

270. The elastic force of a vapour varies with the conditions 
tider which the vapour is formed ; if the vapour is produced 
glow the boiling-point of the liquid, its elastic force is not equal 
^he pressure of the atmosphere ; if the vapour is produced 
nlie boiling-point of the liquid, its elastic force is equal 
Rhe pressure of the atmosphere ; if the vapour is produced 
txJve the normal boiling-point of the liquid, its elastic force 
nceeds the normal pressure of the atmosphere. Steam of 
reater tension than the atmospheric pressure is called high 

earn. The tension of steam increases very rapidly ; 
fee temperature of 250-52° F. it is equal to two atmospheres 

' Miller's CAewiiifl//'Aj'JiCi, andedilion. 
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r Elastic Force of Vapour hi 

us. Two barometer-lubes, A and B (fig. 43), are put 
into the same basin of mercury, which is placed upon a furnace. 
The barometer, B, is completely freed from air and moisture ■ 
in other words, it is a perfect baro- 
meter ; the barometer. A, contains 
a small amount of water above its 
mercury column. These two baro- 
meters are enclosed in a tall glass 
cylinder filled with a e and a 
thermometer, T, dips n o he a 
in the centre of the cyl nde wh h 
gives the teinperatvire of he 1 qu d 
In healing gradually the ba n on 
laining the mercury, and on e 
quently the water he gla s 

cylinder, the water in 1 e be 
tinues to vaporise, and a he en 
sion of the aqueous apou ug 
merits, the mercury in A all o 
and lower. The dep on h h 
is produced in A, belo he 1 el n 
B, for each degree the e npe a u e 
is increased, is noted upoi 
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ed the 

h atmospheric pressure, the surface 
II be depressed to the level of the 
d 1 experiment is at an end. 
1 J d a form of apparatus which has 
:a g all pressures and temperatures, 
he boiling-point. ' His process 
■ in a vessel under a known pressure, 
and ascertaining the temperature at which it boils. This 
method depends upon the principle that when the water boils 
the steam it produces will have a pressure precisely equal lo 
that to which the water itself is submitted. 

276. 'The apparatus consists of a copper boiler (% 44). 
ased so as to be steam-tight, filled to about a third o{ \\.^ 
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atmosphere at the time supports a column of mercuiy 30 inches 
in length, its pressure is equal to 15 lbs. on every square inch,- 
if the vapour of water depresses the mercurial column one inch, 
its pressure must be equal to ^'.^ of 15 lbs. ; if the alcohol de- 
presses the mercury 2 inches, and the ether depresses it 20, ik 
pressure they exercise is found in the same way. It has been 
proved that the elasticity of the vapour emitted from each liquid 
increases as the temperature rises, until, at the boiling-point of 
each liquid, the elasticity of the vapour is equal to the pressure 
of the atmosphere. ' 

zSz. Ualton considered that all vapours have the same 
elasticity at &-\ equal number of degrees above or beiow their 
boiling-points ; other experimenters have not found this io be 
perfectly correct, although for short distances above or bdo* 
the boiling-point it is very nearly true, except in the case 0/ 
mercury. 

283. The quantity of vapour that can be formed from anf 
liquid depends upon the space and the temperature ; the sarM 
quantity of vapour will pass into the space if it be filled witli 
gaseous matter or with other vapours, or if it be [lerftct^ 
empty ; the only difference being that it requires a longer tinK 
to pass into the space which contains other gaseous or vapoww 
bodies than it would do if the space were empty. ' DiffeieK 
gases and vapours offer no resistance to each other's eliilici?! 
thus, the particles of watery vapour in the air are not subjedd 
to the pressure of the atmosphere, but only influenced by xht 
pressure of the particles of the same kind ; and hence, at 3*'r 
when the elasticity of the vapour is only o-zoo inch, it reui* 
perfectly its elastic constitution, though diffused through 
atmosphere the elasticity of which may equal thirty inches.' 

284, Themixtureofagasandvapour obeys the two follo*^ 
laws ; these laws were discovered by Dalton, and are kno»< 
under the name of the ' Laws of Dalton ' ; — 

1. The amount of vapour which will saturate a ghtn flW 

at a given temperature, and its tension, are the same, u-^elitrm ^ 
spaa be completely empty or filed with gas. 

2. The elastic force of a mixture of gas and vapour U 
to the sum of the tensions which each would haiv separately. 

' £ is a gn)4uate<) xais far aieasuhng \i 
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38s Some of the aqoeoos vapoor to the air is deposited, we 

lave before nouccd, in the form of dev, rain, haiL or snow- when 

;]te tempentore becomes tovcred ; ' and eveirone most hare 

observed, that when a vessel oontainii^ cold «atei is 

into a waim room, inoistare beoofnes depoejied on its c 

gnr&ce oning to the air sumMiodine die vessel becoming cooled 

bf the water. The tenpentme at wfaidi the ilcposition takes 

Hace is called the dew- p t in l ; imliuiiicnts whicfa are employed 

Id measuie the amonm cr degree of moisture in the air, aic 

Kenned hjgrmtien, Tbc decree of moisture docs not depend 

in the absohite qnaotitr of aqtieaas tipoor in ti^e air, bnt on 

9ie greater or kss dstance of the air frna its point of satmatiofi. 

hTfaen the air is cxiU, it any be moist with veij Euie rapour, 

\bA, od the canmiT. vben it is warm, leiy diy, even nth a 

hige quandt; of «apovr ; but we nnist refer the gadpol lor 

.fimher icfonnaiioa on this sal^ecX to wocks on KaOnal Flnlo- 

■ophy. 

&b. We wtn dose diis AapBCS wA intfraaions fiv ov- 
^icting the voimmt ^ gasa for Hu teMovii tf m^miam v ^ tm r , 
and with some CEBCHes on the sobfect ; bolitisaecessaiTfiiit 
lo describe the a/fmrmtiu OB^ftoftA to hold gases for analyas : 
■Dd the cfrraOiem ^gatttforftxtaiwt. 

287. Id gas anahw, the gases ate eaBeetti and meastard 
\^n gradiuiUd mbes orei tneicitiT ; in BtmsenTfi netbod cf gas 
(jbuhsis, two gas tubes are emplofcd, one is c^Ied die abeotp- 
>tibn tube ifig. 46), and the odier is caDed the endiomeia 
(fig- 47)- In this latter oAe the coaabttaiUegswsaieopiiaded; 
tbeic is ihereiare ftised mtotbe dosed end of ibetBbe,ssGhi>Bn 
$n the figure, two platimn wires tor the pwpose cf oaodaatRg 
the dearie qnrk. Tlie tubes are finK 6Tle<3 wiib tnenruty. ibe 
■noath of the tobe is then dosed airtight with tbe tbimib and 

A Xbe coDilaBasioD cff Kune of \\k aqueous TapouT in Ibr BlzoosfriieTC in 
|lf^ tana frf ^lr»- ittkft; 7>]afif tnigg rai^m-ni*.lv sb no diruln all mv leaders uiU have 
BdDoed.tlBTTiicBcahiL-clEaraighlfUcwBditif aholdav. ThiE is due It-^ the eajlh fi 
s, eepeoialK Ibc ve£CMRim. mdmiing heai. tKoA is noi re- 
D cknuW ni^itB, tbp lAvpersLtuv on ^BK cafttl'E sm^ce is 

, whh tlit nnfaee it fie]riATt«{: on aucuun^ irf this leducliosi in 
(6 UtiK*hed on a ^aas conlamine colfl w-aws- 
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inverted, mouth downwards, in the trough containing mercuiy. 
The gaseous substance to be analysed is then conveyed inio 
:ube, and it displaces, of course, an 



.0=, 



•U 



equal volume of mercury in the tube. 
:h stage of the analysis, four obserm- 



|- tions have to he made ; ist, the height of 

the mercury in the gas lube ; ind, the 
height of mercury in the trough as measured 
on the scale of the gas tube ; 3rd, the 
temperature ; and 4th, the atmospheric 
pressure. 

288. At the moment a gas is weighed 
or measured, it is necessary to obsem 
the height of the barometer, as this giiw 
the pressure to which the gas is Chen so^ 
jected, provided the liquid over wliith 
M E- the gas is collected stands on the 

^3^ ^ level both in and outside the vessel 

Fm 6. Fig 7 taining the gas. If, however, the \\t\'i\i 
stands higMr inside than outside the 
vessel, the gas will be subjected to a pressure less than thatof 
the atmosphere at the time, by the amount necessary to suppot 
the column of liquid above its outer level. If the liquid stands 
lower m the gas vessel than outside, the gas is undi 
pressure than that of the atmosphere by the amount of pressure 
which a column of the liquid, equal to the difference in 
height, without and within the gas-vessel exercises. In ihii 
latter case, the perfect level of the liquid within and without th( 
vessel may readily be restored by raising the gas-vesseL Ifth 
fluid stands higher within than outside the vessel, which it 
generally the case, it is rarely possible in practice to bring it W 
the same level. A correction has therefore to be made for ibii 
inequality of level, which is accomplished in the follo»ii 
way : — Suppose the gas to have been collected over mercuiyi 
in order to allow for the dilatation occasioned by the inequaliiy 
of level, the difference of the two heights must be accuiaii^ 
measured, and the measurement so obtained must be subtracted 
from the height of the mercurial column in the barometer 
the time. A similar correction is required if the gas be standli 
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<>ver water, but it is smaller in amount,- — a column of water, 
13-6 in iieight, being equivalent to one inch of mercury. When 
this correction has been made, a simple calculation enables one 
to discover the volume any gas would measure at the standard 
pressure. 

Example. — What volume would a gas, standing over 
mercury, measure at the standard pressure, which measures 60 
jcubic inches, the barometer at the time standing at 2875, the 
level of the mercury in the gas-vessel being i '5 inch higher than 
that outside ? By Mariotte's law, the bulk of a gas is inversely 
as the pressure to which it is subjected. Therefore, — 

I Slendard Objerved Ohsctvcd Tiuc 

k '"'-■■ \tP^'\ :^'-^'- 

V Exercises on the Correction of Gases for Pressure. 
\ no. What volume would a gas, standing over tnetcurj, measure at 
the standard piessuie, which measures 19 cubic inches, the baronieltr at 
the time standing at 2905, the level of the uieicuiy in the gas-vessel 
being 0-5 inch higher than thai oulsitle ? 

III. What volume would a gas, standing over meroury, measure at 
the standard pressure, which nieasu 
the time standing at zS'05, the leve 
l-O inch higher than that outside '! 

■ 13. What volume would a ga 
the standard pressure, which measi 
the lime standing at 31, the level i 
0-3 inch higher tlian ihat outside I 

289. Correction of gases fo> 
We learn from Table I., that t 
Water at 8a° F. would depress 
or its tension is one-tnirtieth 1 
therefore if a gas perfectly d 
Vapour at 80" F., the vapour v 
gas, if it were confined, by c 
allowed to expand, the vapour 
thirtieth. A gas containing 
Occupy more space than if it 
the pressure whidi the vapour 
It is, therefore, necessary to ta 
Uiey are either perfectly dry 



J 
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aqueous vapour. To find the actual pressure upon a gas 
saturated with vapour, we must subtract from the apparent 
pressure the amount neutralised by the tension of aqueous 
[xiur. Example :— Suppose a gas saturated with aqueous vapour 
measured loo cubic inches, the temperature being 50° F., and 
the atmospheric pressure at the time Z9'36i inches; how mudi 
space would the gas occupy in the dry state, and at 30 inches 
pressure? The tension of aqueous vapour at 50° F. is 0-361 
(Table I.), therefore the gas is not under the apparent pressure 
of 29'36i, but under the actual pressure of 29-361 — 0-361 = 
29-0 inches; therefore, — 



1 : 96-6 

290. We have to attend to the following points in the 
measuring of gases : — i. We must determine as accurately aa 
possible the height of the water or mercury in the vessel con- 
taining the gas, above that outside ; and the difference mua 
be subtracted from the height of the barometric column al 
the time. z. If moist, we must correct for the tension 01 
aqueous vapour. 3. These two corrections being made, anil 
having observed the height of the barometer, we have to sub- 
tract from the apparent pressure, the height of the liquid in ihs 
gas-vessel and the tension of the vapour, to get the a-lual 
pressure to which the gas is subjected at the moment it is 
measured. 4. We must correct the gas for temperature.' As 
the volumes of gases can be compared only if measured at the 
same temperature, under the same pressure, and in the same 
hygroscopic state ; the temperature is generally reduced to 60° 
F,,'^ the hygroscopic state of the gases to c, and the pressure M 
30 inches.' 

291. If it is desired to find the weight of a gas which hw 
been measured, it is necessary to ascertain the weight corre- 
sponding to the volume found, before the proportional amount 

' This, as we have before staled, is the English standard ; the coiuinraul 



139' What are ihe fixed points from which a ihermometer is graduated! 
' State why they have been selected. What d^;ree on ths Fahrenheit scale 
. corresponds with — 7" Cent. ; and what degree on the Cent, scale with 
'-- 1^ F. ! 

140. What occasions the sinffing aoliced in liquids hcfore ihey begin 
Sboil? 

141. How do you account for sea-fogs ! 

143. Why do some liquids on exposure to the air increase in volume ! 

143. If a closed vessel Slled with steam at 212° F. at the. ordinaiy 
mospheric pressure be raised to 300", will the presence or absence of 

ter, as well as steam, within the vessel affect the expansive forcet 

144. Give the true delinition of the boiling-point of a liquid. 

145. Deline what is meant by specific heat ) and give the specific heat 
f three or four familiar substances. Extrdie. — Given two vessels of equal 

le filled with water at 10° C. ; the other with mercury at 10° C. ; 
.t how much heat eaidi liquid must receive before it begins to boil, 
ight of the water being 3 lbs., the specific heat of mercury ■033, and 
1 bnitng-point 350° C 

146. Why does a standing leap fall short of a running one ! 

147. If I wished to evaporate a liquid spontaneously, whether would it 
i more advisable, in order that it should evaporate as speedily as possible, 
1 pbce it in a vessel which causes the depth to be greater than the surface ; 
' ID a vessel in which the surfiice of the liijuid is greater than its depth ! 

14S. How is deposition of dew affected by the presence or absence of 
luds in the sky ! 

149. What is the theory of fractional dislillation ! How Is the pro- 
s carried out ! ' 



CHAPTER V. 



EXPBRIMK.NTAL EXERCISES— WEIGHT AND SPECIFIC 
GASES — EXERCISES— SPEC tPlC GJtAVJTY 

292. In Chapter III, the meaning of the word mass was ex- 
iained ; it meant, it was stated, the quantity of matter in a sub- 
ance, and that it was estimated in the terms of some standard, 
have now another terra, absolute density, to explain 
;fore we can enter satisfactorily upon the subject-matter of 
e present chapter. We have constantly, in every-day hfe, 

' The student must now ri^lum 10 Chaylet 11, and complete iIil' study ot 



one 
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to notice and speak of one substance being lighter than 
another. Now we do not mean, by that expression, that one 
ounce, or one pound, of the one substance weighs less than an 
ounce or a [wund of the other substance ; but we mean, that 
the hghter of the two substances we are alluding to, weighs 
less for an equal volume or bulk than the other substance ; one 
cubic inch of cork, for example, weighs less than a cubic 
of iron. We say, in like manner, that, of the two liquids- 
water and mercury — water is the lighter of ihe two, becai 
we know by experience that, if we were to weigh eqiii 
volumes of the two liquids, mercury would prove the heavier 
of the two bodies ; then, that is the more dense which in 
equal J w/w me contains the greater mass. Different bodies have, 
therefore, as we daily notice, different densities ; and the sim- 
plest way of determining the density of a substance is to find 
the mass of a known volume of it by weighing it, and to divide 
the mass obtained by the volume ; we thus obtain the quantity 
of matter in unit-volume of any substance, and this is defined 
as the absolute density of that substance. If, then, we denote 
the mass by M, the volume by V, and the density of the body 
by D, we have 



293. Having explained what is meant by the term absoluti 
density, we have now to explain what is meant by the rela/iit 
density, or, as it is generally termed, the specific gravity, of a 
substance ; these two terms are applied to the ratio beta'een 
the masses of equal volumes of a given body and of some 
standard substance ; and this forms the subject-matter of the 
present chapter. 

294. Density means, then, comparative mass, and specific 
gravity comparative weight. These expressions, although really 
relating to distinct things, are often used indifferently in 
chemical writings, and without practical inconvenience, sina 
mass and weight are directly proportional to each other, 

295. To arrive at the relative weights of equal volumes 
of different substances, it is necessary to fix upon one as ihe 
standard of comparison ; distilled water has been selected as 



r 
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lie standard for solid and liquid bodies, its density being 
reckoned as 1000 or i. The specific gravity of sulDStances 
heavier than water is consequently represented by a higher 
number, and those which are lighter by a lower number than 

296. The specific gravity of the tnetal platinum is stated to 
be a 1*5; by this is meant that iax equal volumes platinum is 
2i'5 times heavier than water. Thus, one cubic foot of water, 
at the temperature of 60" F., weighs 1,000 ounces ; therefore as 
platinum, bulk for bulk, is 21-5 times heavier than water, one 
cubic foot of platinum, at ba' F., will weigh 21,500 ounces. 
Again, comparing equal volumes, turpentine is lighter than 
water in the proportion of 792 to 1,000; therefore, as one cubic 
foot of water, at the temperature of 60° F., weighs 1,000 ounces, 
a cubic foot of turpentine at that temperature will weigh 792 
ounces. 

297. In order to calculate the specific gravity of a body it 
is suiBcieot to determine its weight and the weight of an equal 
volume of water, and then divide l>ie weight of the body by the 
weight of water; the quotient is the specific gravity of the body, as 
compared with that of water taken as unity. The formula for 
specific gravity is, therefore, 



W representing the weight of the body, w the weight of an 
equal volume of water, and S the specific gravity of the substance. 

298. It is desirable at the outset to inform the student that 
the experiment is generally made in this country at a tempera- 
ture of 60" F., and the standaid barometric pressure for gases 
and vapours is 30 inches ; in almost all other countries the 
French standards of pressure and temperature are employed ; 
viz.-, 760 millimetres, or 29-922 inches for the pressure ; and 
4° C-, or 39°'2 F., for temperature, for at that temperature water 
attains, as we have already learned, the point of maximum 
density. 

299. Bottles (fig. 48) are made for the express purpose of 
determining the sp. gr. of liquids ; they are made to hold 1,000, 
500, 250, &LC., grains or grammes of distilled water, A weight 
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is usually sold with them, which counterpoises the bottle full of 
distilled water, and upon which is marked the quantity of dis- 
tilled water the bottle holds. All that 
is required in estimating the sp. gr. of 
any other fluid is to fill the bottle with 
It completel) to close the bottle wiih 
the stopper in such a wav that no bub 
bles of air are left in it then ifler 
ttipmg It perfectlj dr\ to ascertain its 
weight, bj observing how much heaner 
or lighter it is than the weight of water 
the bottle is capable of holding and 
adding or subtracting accordingly and 
the result di\ided b\ the WLght of 
water the bottle is capable of holding 
will be the sp gc 
300 A bottle capable of holding 500 era ns of distilled water 
will hold 922'5 grains of sulphuric acid; the latter weight 
divided by the former will give the sp. gr. of the acid, water be- 
ing taken as 1 ; thus, "^ =i'845 sp. gr. of the acid : again, 
the same bottle, or one of like size, will hold only 398 grains of 
turpentine, therefore \%%'=o^^^^ sp. gr. of the turpentine. 

301. As the volume of liquids expands with increase of 
temperature, the quantity of ponderable matter in a given volume 
becomes thereby pro port ionably diminished ; it is therefoie 
requisite. In determining the sp. gr. of substances, to conduct 
all the experiments at one uniform standard of temperature. 
For the same reason, the bottle should never come in contact 
with the naked hand during the experiment ; it siiould be 
protected by a cloth during the wiping and drying of it and its 
transfer to the balance. 

Exerdses on the Calculation of the Specific Gravity of Liquids. 

15a If a bottle, capable of holding 300 grains of distilled water, holds 
260 of iioine other liquid, what is the sp. gr. of that liquid I 

151. If a bottle, capable of holding 360 grains of distilled water, facdill 
310 grains of some other liquid, whal is the sp. gr. of (hat Uqnid T 

1 52. If a bottle, capable of holding 400 grains of distilled water, holdi ' 
470 grains of some other liquid, what is the sp. gr. of that liquid ! 

1 53. If a bottle, capable of holding 700 grains of distilled water, baldt ' 
600 grains of some other liquid, what i^ the sp. gr. of that liquid ! 
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302. The weight of any substance may be ealndated if the 
volume and specific gravity be known. The weight of the volume - 
unit, be it a gallon, a cubic inch, a cubic foot, &c., as the case 
may be, must first be determined, and this is arrived at by 
multiplying the weight of the same volume-unit of ■water by the 
specific gravity of tlis substance. The product is the weight of 
the volume-uHit of the substance. Thus, if we represent the 
weight of the volume-unit of water by w, and the specific 
gravity of the substance by S, and the weight of the volume- 
unit of the substance by W ; then 

W=S -Kw. 

Example : i. Required the weight in pounds of twenty 
gallons of sulphuric acid, the sp. gr. of which is I'Sg. 

Now, the weight of a gallon of water, which is in this case 
the volume-unit, is 70,000 grains, or ten pounds avoirdupois ; 
therefore — 

10 lbs. X ]'85=i8*5 lbs. weight of i gallon of sulphuric 
acid. 

i8's lbs. X 20 = 37o'o lbs. weight of 20 gallons. 

2. Required the weight in pounds of a dry block of fir con- 
taining 50 cubic feet, the sp. gr. of the wood being 0-47, 

Now the weight of a cubic foot of water, which is in this case 
the volume-unit, is 6z'5 lbs.; therefore, 

62-5 lbs. X 0-47=29,375 lbs. weight of i cubic foot of fir. 

29,375 lbs. X 50=1468-75 lbs. weight of 50 cubic feet of fir. 

Exercises on the Calculation of the Weight of Liquids from their 
Volume and Specific Gravity. 

154. Required the weight in pounds of a gallon of linseed oil, its sp. 
gr. being 0-953. 

155. Required Ihe weight in pounds of a gallon of turpentine, its sp. 
gr. heing 0-792. 

156. Required Ihe weight of a gallon of the water of the Dead Sea, 
il3 ."ip. gr. being 1-172. 

157. Required the weight of a gallon of vinegar, its sp. gr. being 

158. Required the weight of a cubic inch of mercury, the sp. gr. of 
which is 13-59 ; a cubic inch of water weighing 252-458 grains. 

303. Wlien a solid is immersed in water or any other 
liquid, it displaces a quantity of the fluid equal to its own bulk 
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(as no two bodies can occupy the same space at the sarae time) t 
ihe weight o( the displaced water being determined, as well as 
that of the solid, the sp. gr. of the solid is the quotient obtained 
by dividing the latter weight by the former. 

304. The siJecific gravity of solids in the form of powder or 
small fragments is determined by weighing them in air and 
then introducing the weighed particles into a sp. gr. bottle 
filled with water ; a quantity of water overflows, equal in bulk 
to the sohd particles introduced ; the bottle containing the 
substance weighs, therefore, less dian the botlle filled with 
water and the substance when they are weighed separately, the 
difference being the weight of the volume of water exjielled by 
ihe solid. Thus, if we weigh 200 grains of sand and then in- 
troduce it into a sp. gr. bottle holding 500 grains of water, if 
no water were expelled, the water and sand together would 
weigh 700 grains; but instead of that it only weighs 624 grains, 
the difference, 76, being the weight of the water expelled, there- 
fore Vb'= "*^3> "^he sp. gr of the sand. 

305. Great care must be taken to prevent air being ad- 
mitted when the solid is added to the water in the botUe, and 
if any should be introduced every bubble must be expelled 
before weighing, if we would obtain accurate results. 

Exercises on the Calculation of the Specific Gravity of Solids. 

159. If 100 grains of a solid be inlrocluced into a bottle holding JM 
grains of water, and if after the introduction of llie solid the bottle wei^ 
560 grains, what is the sp. gr. of the solid ! 

160. If 160 grains of a solid be introduced into a bottle haldii 
grains of water, and if after the introduction the bottle weighs 500 
what is the sp. gr. of the solid ! 

161. If 300 grains of a solid be introduced into a hollle holdii 
grains of water, and if after the introduction the botlle weighs S50 
what is the sp. gr. of the solid ? 

306. When the substance whose sp. gr. has to be deE 
mined is soluble in water, it is necessary to employ si 
liquid in which it is insoluble ; alcohol, naphtha, t 
oil, &c,, are the liquids generally employed when water a 
be used. The sp. gr. of the solid in reference to the fl 
ployed is first determined; then the sp. gr. (if it is not 
of the fluid in reference to water; the two numbers thus obi 
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5 that of the fluid, i 
*ver it may be placed. If the aoUd 
I the liquid, it will sink, because the 
I greater than the upward pressure of 
1 has a less density than the liquid, the 
) latter will exceed the weight of the 
lerefore be forced up to the surface of 
I equa] to the difference between the 
5 of the solid and the liquid It is 
ififecls by slating that a solid ■whick 
: of a liquid loses as much of its 
t liquid displaced. 
1 constitutes the foundation of 
rsed and floating bodies, is kno^n 
b of Archimedes, 

tof a horsehair 
Lof the scale- 
llGd in air, the 
Etaken 

fadhering par- 
' :r at 60° V. is 
I that the solid, 
ale- pan, can 
wasible in the 
I, and covered 
f water (if air- 
0he solid when 
y must be re- 
■r) ; it is r 
weight will be less 
t the weight in water from the weight in 
will be the weight lost on immersion, 
I weight of an equal volume of water ; 
■ by the weight lost on immersion, the 
gr. of the solid 

\on of Ike S/vctfc Gravity of Solids. 
Bolii! which weighs 36 grains in air and 
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liquid as is equal in volume to the solid immersed ; and if we 
can collect and weigh the volume of the liquid displaced, and 
we have weighed the sohd previous to its immersion, theii 
weights are of course the relative weights of equal volumes of 
the solid and liquid. We have now to consider another of the 
effects attending the immersion of solids in liquids. It is this; 

308. The solid will bt pressed upivards with a force equal U 
the 7veight of the liquid il di^filaces. For when a solid is wholl)' 
immersed in a liquid, the lateral pressures a and b are equal, 
and contrary to each other, and therefore neutralise each other; 
but the vertical pressures on the faces d and c are unequal, ihc 
vfnvard pressure being greater than the dmvnward ; therefore 

the solid, as a consequence, has 
tendency to move upwards. Thus 
suppose that a cube is immersed in 
a vessel of water (fig. 49), and thai 
four of its sides are arranged verti' 
cilly These four sides, presenting 
the same surfice to the liquid, ani 
being immersed to the same depllii 
experience equal pressures, and as 
tl e sides are opposite to each oth«, 
two and two the lateral pressures 
[ be contrary as well as i7#«/i 
hence they are neutralised or in equilibrium. With 
however, to the pressures which ict verticallj on the horiiwBltl 
sides d and c, it is evident that the downward pressure on i 
is equal to that of the weight of a column of water having il* 
side d for its base, and d n for its he ^ht and that the up- 
ward pressure on c is equal to that of the »e ght of a coiun*] 
of water having the side far its base and c n for its hBglt 
The cube, therefore, tends to rise under the pressure of a fof* 
equal to the difference of these pressures, which is equal, f* 
dently, to the weight of a column of water having the 
base and the same height as the cube; consequently, this pffti 
sure is equivalent to the weight of water displaced by the ' 
immersed. 

309. If the weight of the solid be equal to that of the' 
of fluid which it has displaced; in other words, if ii 




i determined by 



Methods of determining Specific Gravities 131 
ipecific gravity be equal to that of the fluid, it will remain sus- 
jended in the liquid wherever it may be placed. If the solid 
las a greater density than the liquid, it will sink, because the 
pressure of its weight is greater than the upward pressure of 
;he liquid. If the solid has a less density than the liquid, the 
jpward pressure of the latter will exceed the weight of the 
iolid ; the sohd will therefore be forced up to the surface of 
he liquid with a force equal to the difference between the 
weights of equal volumes of the solid and the liquid. It is 
isual to express these effects by stating that a solid which 
's plunged beneath the surface of a liquid loses as much of its 
veight as is equal to that of the liquid displaced. 

31a This principle, which constitutes the foundation of 
;be theory relating to immersed and floating bodies, is known 
Hy the name of the principle of Archimedes. 

311. The sp gr. of solids in the mass i 
suspending them by means of a horsehair 
from the hook under one of the scale- 
pans; the mass is then weighed in air, the 
operator having previously taken care to 
remove any dust or loosely adhering par- 
ticles. A vessel of pure water at 60° V. is 
arranged in such a manner that the solid, 
still suspended from the scale-pan, can 
be immersed as nearly as possible in the 
Centre of the vessel (fig. 50), and covered 
by at least half an inch of water (if air- 
bubbles should adhere to the solid when 
'nimersed in the water, they must be re- 
moved by means of a feather) ; it is now 
to he weighed, and the weight will be less '''"■ s°- 

•^an in air ; subtract the weight in water from the weight in 
^ir, and the remainder will be the weight lost on immersion, 
Wi in other words, the weight of an equal volume of water ; 
l^ride the weight in air by the weight lost on immersion, the 
'Jt'otient will be the sp. gr. of the solid 

' Exercises on tht Calculation of the Specific Gravity of Solids. 
164. Required the sp. gr. of a solid which weighs 36 grains in air and 
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the weight of the whole mass of the substance must be diridd 
by the weight of one rotume-unit of that substatue ; the method 
for finding the weight of a. vo!urae-unit of a substance has 
already been given. 

Exercises for computing the Weight from the Volume and Ihi 
Volume from tin Weight of Substances. 

173. Whnt will be the weight of a block of limestone conlainii^ 11 
cubic feet ; i cubic foot of water weighing 6i-S lbs., the sp. gr. of iht 
sli>ne being 2 '64 1 

174. Haw many cubic feet are there in a block of coal weighing 1 1 
its sp. gr. being I -332 ! 

175. The sp. gr. of bai iron is 77S8 ; lequiied the weight of a < 

1 75. The sp. gi. of flint glass is 3-329 ; required the weight of a cubic 

177. The sp. gr. of o;ik is 0'S45 ; required the weight of a culuc {sft- 

178. The sp. gr. of cork 150-240; required ihe weight of a cuWc fi«iL 

179. The sp. gr. of ice is 0-930; requited the weight of a cubic Ibot 

180. The sp. gr. of silver is iO"474 ; reijuijed the weight of > colic 

iSl. A solid weighs 49 grs. in air, and 42 grs. in water ; reqniccd llC 
weight of a. cubic foot of the substance. 

iSz. A block of marble, of which the sp. gr. is 2-4, weiglis 5 cwl. i 
find its volume, the weight of a cubic foot of water being 62-5 11 

315. The sp. gr. of a liquid may also be determined by the 
following method : — Take a piece of glass, or some other solid 
heavier than and insoluble in water, determine by the method J 
described at par. 311 the weight of the volume of water at 61 
F. the solid displaces; let this weight be represented bjT i 
Then determine by the same method the weight of the vi 
the solid displaces of the liquid whose sp. gr. we wish to fil 
let this weight be represented by uK Divide the ios 
in the liquid by the loss of weight in water, the quotient 1 
be the sp. gr. of the liquid. 



I The specific gravity of ihe liquid may also tie found by nii. 
dlfFercncc in weight of the solid in air and in Ihe liquid by th<.- ^p 
of the solid, and dividing the product by Ihe absolute weigbl cf : ' 
result will be ihe specific gravity of the liquid. For the firsi of ih. - 
namely the difference in weight of the solid in airanri in tlie liquiil, 

of the volume of tlie liquid, which is equal to ihe volume of ihc aol._ , 

second of these quantities is the weight of a volume equal to tlic volume o( 1) 




Ji<r£ 
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l3j. A solid whose weight in air is 60 grs. weighs 40 grs, in water 
il 311 );ts. iu sulphuric acid ; tefjuireil the sp, gr. of the acid. 
i'i^. A glass ball, weighing \a grs., loses J'64 grs. in water, and 
SS gis. in alcohoL What ia the sp. gr. of the alcohol ! 

1^5. If a piece of metal weigh in air 300 grs. more than in water and 
,jgt!*. mote than in spirit, what is the sp. gr. of ihcspiriif 

1S6. A body weighs 252 grs. in nir, 36 in water, and 63 in spirit ; 
(hat is the sp. gr. of the tiody and of the spirit ! 
187. A piece of copper (sp. gr. 8'85) weighs 446'3 grs. in a liquid imd 
^490 gcs. out of it ; required the sp. gr. of the liquid. 
1 I»8. A piece of gold (sp. gr. 19-36) weighs 140 grs. in a liquid and 
|S9'7 grs- in air \ what is the sp. gr. of the liquid ? 

31& For cotiiinercial purposes the sp. gr. of 
[quids is determined by tiieans of an instru- 
ment called the hydrometer ; this instrument is 
kOt so accurate as the sp. gr, bottle, but it is 
Referable to it on account of its simplicity and 
■e rapidity with which the experiment can be 
lade with it, and at the same time it is suffi 
^ntly accurate for all commercial purposes, 

317. ' The hydrometer (fig. S i ) in general use 

msisls of a floating vessel of thin metal or 

iss, having a weight beneath to maintain it in 

1 upright position, and a stem above bearing 

K^vided scale. The use of the instrument is 

Bry simple. The liquid to be tried is put into 

t jar represented in the figure, and the 

"inscrument floated in it. It is obvious that 

the denser the liquid the higher will the hydro 

meter float, because a smaller displacement of 

fluid will counterbalance its weight. J'or the 

same reason in a liquid of less density, it sinks 

deeper. The hydrometer comes to rest almost 

immediately, and then the mark on the stem 

may be read off. 'I'he graduation of the stetu 

is very commonly arbitrary, two or three difl'erent 

scales being unfortunately in use. These may be 

sometinjes reduced, however, to the true numbers evpressmg 
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the sp. gr. by the aid of tables of comparison drawn up for the 
purpose.' ' 

318. The sp. gr. of a mixture of two liquids can be found, 
if the sp. gr. of each of the liquids comprising the mixture be 
known, and if the pn>portions by volume in which the two | 
liquids have been mixed together be known, and assuming that \ 
no alteration in volume occurs on mixing the two liquids :— 
Multiply the volume of each of the liquids by its sp. gr. ; add 
the two products together, the sum will be the weight of the 
mixture ; then add the volumes of the liquids together, anJ 
the sum will be the volume of the mixture ; then divide ihe 
weight of the mixture by its imlume, and the quotient will be 
the specific gravity of the mixture. To express this process in 
an algebraic form, let s' represent the sp. gr. of one of the 
liquids and v' its volume, and let s" represent the sp. gr. of the 
other liquid and v" its volume, and let S represent the sp. gr. 
of the mixture, Cits volume, and W^ its weight, then — 



S= ^ 



W _v' ^-^v'' J 



319. In like manner, the sp. gr. of a mixture (whether of 
liquids or solids) can be found, if the sp. gt. of each of the 
two substances composing the mixture be known, and also the 
proportion by weight in which they are mixed, assuming as 
before that no contraction takes place ; for, find the volume of 
each of the two substances by dividing its weight by its sp. gr^ 
add the two volumes thus found together, and the sum will be 
the volume of the mixture ; add also the weight of each of the 
two substances together, and the sura will be the weight of the 
mixture ; divide this weight by the volume as previously found, 
and the quotient will be the sp. gr. of the mixture. Thus, lei 
ii-' represent the weight of one of the solids, and w" the 
weight of the other solid, then — 

w.'+j(j"=W', the weight of the mixture. 

^ +^_=-.- =V, the volume of the mixture. 

J Ya'«DEi EUmeats of Chaniitry. 
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Therefore, dividing the first of these expressions by the 
xind, 

'i!!-4-^"~ V' '^^ specific gravity sought. 

320. To find the itieighl of eaeh of two substances when corn- 
ed in one mass. — The weight of each of two substances when 
nbined in a mass, can be found, if the weight of the n 

known, and also the specific gravity both of the 
i of each of its components. Let S represent the specific 
ivity of the mixture and W its weight, and s' and s" the 
;cific gravity of the two components ; then, 

e weight of one of the substances in the mixture ; and 
\V — w'^w'', weight of the other substance. 



l8g. If the specific Eta" lies of gold and silver arc 19-35, 10*5' re- 
ctively, find ihe sp. gr. of a mixture consisting of seven parts by weight 
[old, and six of silver. 

J90, An alloy of gold and silver weighs 10 grs. in air, 9 '37 grs. in 
tei ; what are [he proponians of gold and silver ? 

191. An alloy of copper and silver weighs 37 grs. in the air, and loses 
6 grs. when weighed in water. What are the proportions of silver and 
•pexl The sp, gr. of copper = 8-851 

192. British standard gold contains II parts by weight of pure gold, 
1 1 part of copper ; required its sp. gr. 

1I93. A mixHi mass of gold and quartz (the sp. gr. of the quartz being 
I weighs 20 lbs., its sp. gr. is 85 ; how much gold does it contain ? 
394. A fluid of sp. gr. 112 is mixed with three limes its bulk of 
Iher fluid having sp gr. of 1-7. Supposing the fluids do not act 
roically on one another, and there is no contraction, what will be 
ip. gr. of the mixture! 

321. We have now to describe the methods pursued in 
teimining the sp. gr. of gases ; but before doing so we will 
ve a few easy experimental exercises which the student will 
d no diflSculty in performing. 

Experimental Exercises. 
195. Determine the sp. gr. of a sample of olive oil, by means of the 
gr. bottle. 






1 
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196. DcterniinetheEp.gr. of a sample of hydrochloric add by 
of ihe hydrometer. 

197. Determine the sp. gr. of marble both in powder and in lump. 

198. Determine the sp. gt. of bees'-wax. 

322. The determination of the sp. gr. of gases is very 
simple in theory, but is an exceedingly delicate operation to 
perform. Air at 6c° F.j and the barometer standing at 30 
inches, is the English standard of comparison ; but ihe 
standard of temperature and pressure adopted on the Con- 
tinent and in England for scientific purposes, is 0° C. for ll 
temperature, and 760 millimetres for the pressure, 

323. Before describing the operation itself, we will des 
(i) How to find thi weight of any gas or vapour, its sp.J^ 

being known. To accomplish this we have simply to multiply 
the weight of an equal voliimeof air by the specific weight of the 
gas or vapour ; the product will be the weight of the volumei 
at the standard temperature and pressure of the gas or vapour- 

Example ; What is the weight of 100 cubic inches of 
hydrogen, its sp. gr. being '0694? 
30*935 X ■0694=2-147 grains weight of 100 cubic inches ofH- 

(2) Ifo7v to find the volume of a given weight of any gas &^ 
vapour. The weight of some volume {say a cubic inch) of ih^ 
gas or vapour must first be ascertained by the preceding rule ; 
then the given weight must be divided by the weight of the cubic 
inch ; the quotient will be the volume in cubic inches of the 
given weight of the gas, at the standard temperature andpressurt^ 

Example : What is the volume of 2147 grains of hydroW 
its sp. gt. being o'o694 ? 

. -^ =. wa cubic inches. 



Exercises for finding the weight of a given volume ofagy 
vapour from its specific gravity. 

199. What is ihe weight of a cubic inch of onygen, its sp. gr. t 
I 1057? 

200, WTiat is the weight of a cubic inch of oilrogen, its sp. gr. t 
0-9713! 

2DI. What is the weight of a cubic inch of carbon dioxide, its sp. gr. 
being 1-529? . » 



Buoyancy of the Air 

303. Whit is Ihe weight of a cubic inch of gaseous 
^■p. gi. being D-S9» 

203. What is the volume of 54 grains of chlorine, 



(NHJ, 
sp. gr. being 



324, It is necessary, in order that the student may fully 
iiKierstand Regnault's method for the determination of the 

I'iHenaity of gases, to direct his 
f^tencion in the first instance 
the buoyancy of the air. 
jThe general fact, that air, like 
kjuids, buoys up all bodies 
nmersed in it, may be illus- 
[aied by means of the appa- 
btus represented in fig. 52. 
t consists of a closed globe, 
Bspended to one arm of a 
{elicate balance, equipoised 
f a weight suspended to the 1 
pher. The two are in equi- ' 

n in the air, but only 
KCause the globe, being larger 
man the weight, is buoyed up 
' a greater force. If, now, 
lie apparatus is placed upon the plate of an air-pump and 
iDvered with a glass bell, we shall find, on removing the air, that 
fee globe will preponderate, as is shown in the iigure. By re- 
noving the air we increase the apparent weight both of the globe 
ind of the counterpoise by just the weight of the air displaced 
|f each ; but as the globe is much the largest, we increase its 
Jreight more than that of the smaller brass counterpoise, and 
feence the result. If we allow the air to re-enter the bell, it 
■fill buoy up the globe, as before, so much more than the 
counterpoise as to restore the equilibrium. 

325. An important consequence of the principle just illus- 
tated is evident. The balance does not give us the true rela- 
h^e weight, W, of a body, but a slightly different weight de- 
tending on the weight of air displaced by the body, compared 
Kith the weight of air displaced by the brass or platinun^ 
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weights used in weighing. As the volume of these wei: 
generally less than that of the body, the weight indicated by 
the balance is almost always too small ; but when the volume 
of the weights is greater than that of the body, the weight ir 
dicated by the balance is too large. When the two volumes 
are equal, the balance will indicate the same weight ii 
in a vacuum. It is easy to ascertain the correction which it 
is necessary to add or to subtract from the weight of a body in 
air in order to obtain its true weight.' 

326. It must be remembered that the brass and platinuna 
weights which are used in delicate determinations of wei^t 
are only standard when in a vacuum. Let us, then, lepreseat 
the various values as follows :— 

W'=Weight of the body in air as estimated by standard 
weights; and also the weight of the standard weights them- 
selves in a vacuum. 

VssVolume of the standard weights in cubic centimetres- 

V^Volume of the body in cubic centimetres. 

a'=Weight of one cubic centimetre of air at the time o* 
the weighing. 

W= Weight of the body in a vacuum— which we wish 
find. 



We can now easily deduce the following values ;- 

V'a' = Buoyancy of air on the weights. 
Vk- = Buoyancy of air on the body. 



1 



1 'The Height of the displEiced ponionofair tnay beeasily ascertained if the 
specific gravity of the body be known ; for, from the observed W'eight of lie 
body, we can calculate directly the weight of ati equal hiulk of water, and ■^'ii 
of this weight will give the weight of a correspond i tig btUk of air at mean tem- 
perature and pressure. This weight must be added to Ihat actually found ; M 
the same time, a similar and opposite correction will be required for the mewJlio 
weights used in the experittienl, because they will also appear to be lighter Ihnn 
Ihey really are ; and an amount of weight greater than the true one will be re- 
quired to effect the counterpoise. If, therefore, the weights have the same 
specific gravity as the Imdy counterpoised, the two corrections w ill neutralise each 
other ; but if, as in weighing gases, there is a great difference between them, 
the corTectioD will Iw one of importance. The true weight sotighl will be tbtu 
oi/Uaiiei-.—Add lo Iketveighlaf lit iady in air, tike -weight of Iht bulknf air 
whieh it has disflacid. and dtditctfrim this the iveight ef the bulk ef air dif 
fluted if tMe-meighti cmfloyid.'—'iAWXe!, 
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V'w= Actual wcighl of standard weights in air. 
\w = Actual weight of IxHly in air. 



-Since these weights just balanced cic-h other, wc liavc— 
|W - Vw'=VVi — V'w ; \V = W + 7/'(V — Vi), 

17. The correciion w'{V — V) which mu*t be mnile to 
I weight determined by a balnncc in nir in order to obtain 
B weight in a vacuum, is evident!)' additive when the vulume 
of the body is greater than that of the weights, and Nubtractivo 
when these condition* are reversed, When the vuIiiuich are 
equal, the correction becomes o. 

328. In all ordinary ca«eH of weighing, the correction It 
no Htnail that it may be neglected without nenniblc error ; but 
it bccomc'i of tlie greateiit im|»ortancc in determining the 
weight of a gas. In Kuch canes, wc have to determine the 
wcighl of a large glass globe, when (X)m]ilctely vacuous, and 
when filled with gas ; and it not unfrequvntly hajipens that 
the buoyancy of the air is greater than the weight of tlie gas 
i(»clf, and it is always a considerable pari of it. If ilie buoyancy 
of the air is the same when the glolie is weighed in it* vacuous 
condition and when filled with gas, it would not affect the 
weight of the gas, which would Iw obtained by sul>iraj:ting the 
first weight from the last. But, unfortunately, the buoyancy is 
constantly changing ; and it it, therefore, necessary to dclermine 
the amount (arcfidly at each weighing, and reduce tht weights 
of the glitbe in the two wndilions tu what they would be if 
the cx|ierimcnts had t>een made in a vai^uum. 

329. When the temperature is o" C, and the Itarometer 
stands .11 760 mm. ajid wlieo the air contains nt.*iiher vapour 
of water nor carbon dioxide, w is e<jual u> 0001293 grams. 
Were the atmo«[^here always in this condition, nothing would 
be easier than U> taJiulate the actual weight of a body from the 
weight found \yy weighing in fliis" normal attnosphere. Hut this 
n fat from l>cing the case ;forthetemi>erature, the pressure, and 
the comjiositionof ihc ainioiipliere are changing at each moment, 
and the value vi w vanus with ul! these atmospheric changes. 

330. It is frci|uenlly i^ssible to conduct the process of 
weighing in sucli a way tliat the (Uirreclion for the buoyancy of 
the atniusphwe, always somewbat uiuxnain, may be avoided. 
For exan)ple. 1" wt.>inliiiig a gas, instead of tquiij'jisint!, dw 
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eating one dedgrarame. The difference in the two weighings 
is equal to the weight of water displaced by the external 
volume of the balloon. Another balloon, B, fig. 53, of nearly 
the same capacity as A, but, preferably, a little smaller than 
ihat of the first and its stopcock, and made of the same kind 
of glass, is taken, and has connected to it a brass mounting, 
leminadng in a hook, to enable it to be suspended from the 
balance-pan. If the united weight of the water displaced by 
the balloon, B, and its mounting, is less by n grammes than 
the weight of the water displaced by the balloon A, we must 
Mtaeh to B a glass tube closed at each end, and having an 
Mterior bulk = n cent. cub. of water.' 

332. The engraving, fig. 53, shows the method of suspend- 
ing the balloons beneath 
the scale-pans of the ba- 
lanre, in a chamber closed 
witb glass doors to prevent 

inents of air. The ba- 
although large, is of 
delicacy; for when 
irged with one kilo- 
n each pan, it 
fmlts, with certainty, an 
appreciation of half a milli- 
pamrae. The balloons em- 
ployed have a capacity of 
about ro litres. 

333. The balloon .\ 
bsB a stopcock attached to 
it, which allows it to be 
rannected either with a i 
three-way tube communi- 
ating with the gas-holder, *'"^' '*■ 

or with the air-pump. The air having been removed as com- 
iSetely as possible, the gas is allowed to enter ; but, as a 
small amount of air still remains, the operation is to be re- 
peated twice. Previous to the third time of filling the globe, 
il is, after as complete exhaustion as iiossible, to be placed in 

1 Because i cent. cub. of waier weighs i gramme. 
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a case, a b, fig. S4i and covered with melting ice ; the cock'" 
being opened, the globe is allowed to fill with gas, and when 
full, a momentary communication is made with the a 
sphere to equalise the pressure ; the cock, c, is closed, ihe _ 
globe removed, wiped with a damp cloth to prevent electrical 
excitation, which might cause serious errors in the weighing; 
and suspended on the balance. It is not weighed until 1*8- 
hours have elapsed, so as to permit the temperature to becgntp 
the same as that of the balance -case, and this 
obviate currents of air, and also that its surface 
may be covered with the normal amount of 
humidity. After careful weighing the halloo* 
is placed anew in the case, a i>, fig. 5^, sur- 
rounded with ice, and the gas removed by M 
[lump. 

334, It is necessary now to ascertain both 
the atmospheric pressure and the elastic foK* 
of the gas remaining in the balloon. F« 
this purpose, an instrument called a harometii^ 
manometer is mnde use of. It consists of t*? 
tubes, A B and C D, fig. 55, attached to a sup- 
port, which is secured perpendicularly to J 
walL The tube, A B, is a barometer of af 
mm. interior diameter ; the metal in the tul] 
having been carefully boiled, it is inverted in' 
cistern of dry mercury. This cistern Is a be 
divided into two parts, the smaller of whjj 
serves for the cistern of the barometer. Ittt 
the second compartment is plunged the tubl 
C D, which has the same diameter as A ] 
C D IS capable, bj mtans of a leaden tube, a 
of bemg placed m (.ommunication with tl 
balloon ^ 

335 \V hen It IS intended to ascertain the 
atmospheric pressure h) means of this mstru- 
mi nt, mercury is poured into the cistern until 
" It rises above the level ol the dnision, m »■ 

The double pointed screw V js thtn adjustod, until its lower 
end Just touches the surface of the mercurj If now we measure. 
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plSeans of a cathe to meter, the diflerence of level between the 
uface of the mercury in the barometer and the upper point 
f the screw, and add to this the length of the screw previously 
icenained, we have the height of a column of mercury exactly 
ilancing the atmospheric pressure. The tube, C D, of the 
anometric apparatus, is, as we have said, to be placed in com- 
Uaication with the air-pump and the balloon, by means of the 
ree way tube and the leaden pipe a b. The gas having been 
moved, the cock communicating with the air-pump is ciosedi 
id the difference of level between the two columns of mercury 
the tubes, A B and C D, is measured by a cathetometer. This 
fference is the measure of the elastic force of the gas remaining 
the balloon. A thermometer, T, indicates the temperature at 
s time of the experiment. 

336. The division, m «, in the cistern is necessary, in 
let to prevent air reaching the barometer, in consequence of 
; great oscillations in the level of the mercury, during experi- 
;nts. The balloon, thus again exhausted, and having the 
sticity of its residual gas known, is to be closed, removed, 
Jed, and weighed as before. 

337. The difference, P— /, between the two weighings, repre- 
ils the weight of the gas, which at 0° C. = 32° F. fills the 
loon under a pressure equal to the barometric pressure, H, 
served at the moment of closing the cock, diminished by the 
Stic force, h, of the gas remaining in the balloon after making 

exhaustion. The weight of the gas at 0° C, and under the 
mal pressure of 760 mm. (29-922 inches), is obtained by the 

«»'»'- (f-/)=^i°,,- 

338. Bunsen's method. — The specific gravities of various 
es are represented by the weights which equal volumes of 
'£ gases possess. As the volume occupied by a given weight 
my gas is dependent upon the variations of the force of 
(ity accompanying change of geographical latitude, or eleva- 
1 above the sea's level, all gases, of which the absolute 
Jmes are required, must be reduced to the same latitude and 
nation above the sea, and to the same barometric 
1 temperature. 

1 Greville WilUamas Handbimk ofCkemkal ManipulaHoi. 
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339, According to the most accurate experiments, forwhicb 
we are indebted to the classical labours of Regnault, one giamnK 
of atmospheric air at the level of the sea, in the 4Sth degree of 
latitude, at 0° C, and under a pressure of 760 mm, of raercur)-, 
occupies a volume of 773'526 cubic centimetres In the latitude 
52° 36'^as, for instance, in Berlin,— a gramme of dry air at 
0° C., and under a pressure of 760 mm., occupies exactly Jjj 
cubic centimetres. 

340. Thy accuracy of gasometric determinations is seldom 
so great that the differences resulting from the variation of 
gravitation extend beyond the limits of the possible ob.=ierva- 




tional errors. Hence, excepting in normal determinations, 
where the greatest accuracy is required, the volume of one 
gramme of dry air at □" C, and 760 mm. pressure of mercury, 
may be represented in our latitudes by 773 cubic centimetres J 
and the specific gravity of a gas may be defined to be the weight 
in grammes of gas which, under the same conditions, occupies 
a space of 773 cubic centimetres. 

341. In cases in which a normal determination is not 
required, a common light flask, g, fig. 56, is employed for 
measuring the volume of gas of which the specific gravity is to 
be estimated 

342. The volume of the flask should be about 200 or 300 
cubic centimetres, and the neck, a, thickened before the gas 
blow-pipe, must be drawn out so as to have an aperture of the 
thickness of a straw, into which a glass stopper is ground air- 
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tight by means of emery and turpentine. Thrgugh this neck, 
which is furnished with an etched scale in millimetres, mercury 
is poured, by means of a funnel reaching to the bottom of the 
flask, until the whole is filled. As soon a^ this is accomplished, 
the flask is transferred, with its mouth downwards, into the 
rpercury trough, AA, and gas is allowed Co enter, unti! the level 
of mercury in the neck of the flask stands a few millimetres 
higher than that in the trough, In order to secure the absence 
of all gaseous impurities, this gas is evolved from as small a 
vessel as possible, and allowed to enter the flask through a 
nftwow delivery tube, and in the moist state. The gas is dried 
in the flask itself by a small piece of fused chloride of calcium, 
b, which had previously been made to crystallise on the side of 
ihe flask by bringing it in contact with a single drop of water, 
and alternately heating and icooling the glass. This small piece 
of chloride of calcium serves also to free the mercury and the 
sides of the flask from its adhering moisture. In order to be able 
to close the flask at any time without warming it with the hand, 
the little lever, c/ is employed. On the lower end,_/ of this lever 
the stopper is so fastened in a cork that it passes into the neck 
of the flask without closing it, and the lever is held in its right 
place by a wedge, d, pushed under the finger-plate, c. As soon 
as the apparatus has attained the constant temperature, i, at 
the barometric pressure, P, the volume, V, of the gas, and the 
height, p, of the column of mercury rising above the level of 
the metal in the trough, are obseried with the cathetometer- 
telescope. If the observed volume of gas in cubic centi- 
metres, reduced from a table of capacity, be represented by V,, 
this volume, at 0° C, and 760 mm. pressure, becomes, in cubic 
<:entimetres,^ 

V = V, (P-/) 

' 760 (1+0-00366 /) 

343. It is now only necessary to determine the weight, Gj, 
of this volume, fj. This is obtained in the following manner :— 
The wedge, d, is taken away ; the flask is thereby closed, and 
\xf withdrawing the pin, e, it can then be removed, together 
i»ith the lever, c f, from the trough. After having been most 
i^arefully freed from all adhering matters, and having attained 
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Ihe temperature, ^i; of the balance, b)' the pressure P^ 
flask can be weighed. Let G represent the weight in grammK 
' " now removed, and replaced 

by a caoutchouc tube, 
nected with a dr^-ing tube. 
'''. fig- 57- The apparatus 
thus arranged is placed 
under the receiver of an 
air-pump, and the air so 
often withdrawn and ad- 
mitted until all the gas 
has been replaced by dry 
air. If this weight amoutiE 
to Gj grammes, the weight 
Gj, of the volume of 
Va, me^ured in the flask, 
is equal to- 
I P| 




, the I 
laced I 
tube. 



773X76ox{n-o-oo366>,) 
344. From this value, G,, the specific gravit)' is obtained I 
by the help of the following formula :- 

S=773 y^ 

Exercises for Calculatingly Exact Methods the Weight Qf^ 
Specific Gravity of Gases. 

205. Calculate the weight of one litre of dry air at □" C. and 760 a 
from the follnwing determination liy Regnault : — 

Globe fiill of air, and surroiiiulid ly ics. 
Height of barometer at tiie time of closing the 

stopcocl: 7Gi'i9inm. 

Weight added lo glolie to equipoise it in balance. 1 -487 gram. 

Globe exliausied of air, and surraiinded by ice. 
Tension of air remaining in g]ol>e. as indicated 
by the manometer at tbe moment of closing 

the stopcocli 8 43 mm. 

Weight required for equipoise .... I4'l4lgrani. 

' The unequal specific gravity of Ihe glass and mercury on the one han"* 
and the metal weights on the other, is not considered in this calculalion . as tl'': 
inaccuracy thus introduced is inconsiderable, in compaii son with Ihe observation* 
' From Bunsen's Gaseme/iy, translated by Sir H. RdscoO. 
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206. Calculate the weight of one litre of hydrogen at o° C. and 760 
mm. from the following determinations of Regnault : — 

Globe full of gas J and sttrrotttuied by «iV, 

Height of barometer at the time of closing the 

stopcock 756' 16 mm. 

Weight added to globe to equipoise it in Imlance. 13*301 gram. 

Globe exhausted ofgaSy and surrounded by ice. 

Tension of gas remaining in globe, as indicated 
by the m^aiometer at the moment of closing 
the stopcock 3'40 wm» 

Weight required for equipoise .... \/^'^^%%^X. 

207. Calculate the weight of one litre of carl)on dioxide at o*' C, and 760 
oam. from the following determinations liy RcgnauU ; — 

Globe full of gas, and surrounded by Ue, 

Height of barometer at the time of closing th^; 

stopcock , 763 04 wim, 

Weight added to globe to equipoiM; it in XtaSsmatp <0'6335 gf^ 

Globe ejchoMsUd of^as^ and surrounddd by iid. 

Tension of gas renoaimuag ua gjLoibe« &$ iAdicajted 
by the mamoaxieter 21 libe izkojoaeixt </ 'dkkiJW^ 
the stopocidk . . . . . 4 -57 julmk. 

W'ei^l leqiiired lor -egmpcjose . . , , Z/Q'Z^^ ^9^. 

208b Tlae SotQcmiog Dbbervalions wt^e made io d^teruiiuing the vajx>u/ 
lensity of gaseouF bromide uf metb)*l hy JfcJunstin'* jaw;th<xl. Jb'jCMiu lUc>>c 
laia ca3niiibif li^t specific gravity en the gas. 

VohaiEfte of gat ...... 421^ c.c. 



Tesnparatnre of room .... 

Hea^al of barometer. .... 

Ho^n of the column of mercury abuvt; that iu 
ijbe trough ....... 

Wtagfbi of fiask and gas .... 

\V«ig^ of fiask and air . 

T-emperature in balance -ca>»e 

Height of barometer at the time of weighing 



746 '4 umi. 

24 '3 mm. 
7'94(>S gram. 

6-2 r. 
742*1 mm. 



309. The following observations were made in determining the dcubil) 
f a gaaeous mixture by liumiens method, (^culatc the density fiom 
data. 

Volume of gas ...... 21123 c.c. 

Tem)ierature of room . . 6"2"<,\ 

lieight of barometer ..... 760-9 nmi. 

H.eight of the column of mercury above thai in 

trou^i • • • • • . J9"4 m m. 

Weight of fiask and ga> 54*6213 gram. 

Weight of fiask and air 54 4^3^ ,, 

TTemperature in balance-ca^ . . . • 7 9*^ C. 
iBfiight of barometer at the time of weighing . 760-^ mm. 
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3\o. The following ohservalions were mnde in lietermining ths denalr 
ofa gas by Sunsen's method. Calculate iiata these datu the dcnsily ol 
the gas. 

Volume of gfls 2io'2 c.c. 

Temperature of room 197° C 

Heighl of barometer 74S0 mm. 

Height of the coliimn of mercury above that in 

the trough 17-2 mm. 

Weight of flask filled with gas . . . S3'59' gtaic- 

Weight of flask filled with ail .... S3-5775 „ 
Temperature in balance -case .... 205°C. 
Height of barometer at the lime of weighing . 748 niiii. 

Examination Questions. 

211. What is meant by specific weight ? 

212. Explain why a body weighs more in air than in water. 

213. E^lain precisely what is meant when it is said that gold is ha™' 
than iron. 

214. Explain the use of a table of specific gravities in calculating llw 
weight of assigned volumes of the various kinds of substances ; state ibe 
principles of the calculation. 

215. Explain the method of determining the specific gravity— 

I. Of a solid heavier than water ; in a state of powder, and also if 
the mass. 



And state the precautions required to obtain accurate results. , 

216, Heiro, a king of Syracuse, gave a goldsmith a certain weight <^ 
^Id to make into a crown. When the king received the crown, he tdoa'* 
It weighed exactly the same weight as the gold which he had given to tb^ 
goldsmith ; but he suspected that part of the cold had been replaced l»y 
an inferior metal ; Archimedes discovered this to lie the case, and he 
;iscerlained the exact amount of the inferior metal in the crown ; slate ho**' 
he could Bscertain the amount. 

345. Sp. gr. of vapours. — AVe shall limit our description \0 
the means for determining the density or sp. gr. of vapours \0 
the method invented by Victor and Carl Meyer ; the tww 
oldest methods Dumas' and Gay Liissac's are now no longer 

iployed ; and we refer those of our readers who wish ttr 
become acquainted with Hofmann's method to vol. iii. of 
Roscoe and Schorlemraer's Treatise on Chemistry, 

346. V. and C. Mej-er's process is suitable for very wide 
ranges of temperature : it has also the merit of requiring very 
little substance ; it takes but little time, and does not require 
either the exact temperature of the bath or the volume of the 
vapour flask to be known. The only observation which is 
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required is the volume of the vapour in the form of its equal 
volume of air, measured at the temperature of the air. 

347, The apparatus is shown in fig. 58. It consists of the 
boiling-flask e, in which is placed the cylindrical glass vessel b, 
having a capacity of about 100 c.c, with a 
height of 200 ram. to which is fused a tube 
600 mm. long, and 6mni. diameter, and 
tenninating above in a thimble-shaped en- 
largement, which is closed by a caoutchouc 
.stopper, d. A lateral tube, a, of not more 

than r mm. internal diameter, and 140 

mm. long, is so bent as to carry the air <*' 

expelled by the vapour into the graduated 

lobe, e, which stands in the water contimed 

01 the pneumatic trough,/! Before com 

fencing the operation, a little recenth 

ignited asbestos is placed at the bottom of 

*i to prevent its fracture when the tube con 

Wiling the substance to be operated upon 

is dropped in. In the bulb of the flask c is 

placed the fluid or substance by the vapour 

of which the vessel b is to be heated. ' The 

s^petiment is commenced by heating, bj 

■Mans of the vapour in the flask e the 

'tesel b, containing as yet only the asbestos, 

Me tube being closed by the stopper d\ 

"id the gas delivery tube must dip into the 

'rater in the trough, but must not jet be 

placed beneath the graduated tube. As 

Won as the temperature becomes constant, 

uid when, therefore, no further evolution of 

^ is observed, the stopper d is quickly 

removed, and a weighed quantity of the 

substance (such in amount that its vapour 

does not occupy more than half the volume 

of the vessel b) is introduced into that vessel, and the cork 

qnickly replaced ; in the act of replacing it a few bubbles of 

' If it be necessary to work at a temperature abuie 310° C. the heating tube 
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ai? will escape by the lateral tube a ; they must not, however, be 
allowed to enter the graduated tube t ; after they have escaped, 
the delivery tube must be placed beneath the graduated one, 
which has been previously filled with water. The substance at 
once evaporates, and in fifteen seconds displaces its own volume 
of air, which collects in the tube e. As soon as no further 
bubbles of air are emitted, the operation is finished, and the 
caoutchouc stopper is instantly removed, to prevent the water 
in/from rushing back into the tube^. The lower extremity 
of the graduated tube is then to be closed with the thumb and 
transferred into a cylinder of cold water. When a sufficient 
time has elapsed for the air in the tube to attain the same 
temperature as the water, the water inside and outside the tube 
are brought to the same level ; the temperature of the water and 
the height of the barometer are then accurately taken, and the 
volume of air in the tube is instantly read off. ' These ob- 
servations yield sufficient data for the calculation :- — 

S=weight of substance. 

/^= temperature of the water. 

B=barometric pressure reduced to o". 

jf'^tension of vapour of water. 

V=volumeofair. 

' The vapour density is calculated by the formula : 

SX76o(i+o'oo36650 
(B-;*.)Vxo-ooi293 
or by collecting the constants : 

S(i +0-0 03665^) X587 780 „ 
(B— \V)V 

Example : 1008 grammes of the vapour of a substance 
taken at a temperature of i6'5° C, when the barometer stands 
at 7D7'5 mm., occupy 22 cc ; calculate its vapour density. 

The barometric pressure of 707-5 mm. at 16-5° G is equi- 
valent to 7D5'5°3 mm. at 0° C. This correction is made from 
tables constructed for the purpose.' 

' The student will see that the number 587,780 is Dbtaincd by dividing 76* 
by •001293. 
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We find from the table that the vapour density of wat 
le-s" C. is i3-y64rnni. 

We have therefore the following data ; 






substituting these values in the above formula, we obtain for 
the density required : 

•1008 X 760 x(i+ ■003665 xi6's)_ioo8x76ox 1-06042 
<7°r5°3"- 13-964) X 22 X-ooi293~69r539 X 22 X 001293 

= 413- 

Exercises fur finding the Density of a Vapour by Meyer^s Process. 

217. From the following data delcrmine ihe vapour density of the 
organic subslance opeiated on ; S = 0-0855 grammes, '='6°C, 8 = 7178 
mm., v = ai cc. Barometric correction from Bunsen's tables, 1-971. 

218. From the following data determine the vapour density of the 
organic substance operated on ; S - O'Ogos grammes, /= 17° C, B = 7I4'S 
mm., !/= 136 cc. Barometric correction 2-08. 

Examination Questions. 

2ig. Would a lump of cork and a lump of lead, which each weigh I lb. 
in the air, have an equal weight in vacuo ! 

230. If the mercurial barometer stafids at 29 inches, and the density 
of the mercury compared with that of water be I3'57, find what would 
be the height of a water- barometer. 

Z2I. Define exactly what is meant by the specific gravity of a body, 
and what by its density, and state precisely what is Ihe difference between 

222. A substance, of which the Bp. gr. is 6, weighs 180 grs. in air, and 
'55 E'^- '" ^ li<!ii<^ ; calculate the sp. gr. of this liquid. 

Z23. A Trussian dollar, made of an alloy of silver and copper, has the 
sp. gr. lO'OS. Determine Ihe amount of silver and copper in it, thesp. gr. 
of silver being 10-5, that of copper S7. 

224. What does a barometer measure! At the bottom of a mine a 
mercurial liarometer stands at 77 -4 centimetres ; what would be the height 
of an oil barometer al the same place, the sp. gr. of mercury Ijeing I3-596, 
and that of oil 097 

aaj. Describe the process of determining the sp. gr. of a liquid by 

BcalB at different ternperaiures. Hence they are always reduced 10 the reading 
at ten lemperature. To avoid the trouble of calculating, tables have lieen 
that the coireclion can be immediately ascertained. Iti the 
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weighing a solid ir 

21 Eram. in water. What is _ 

236. Why, in liking the hailing-paint {jf a niercorial thermomet^, mLi^i 
the ihermometer not dip into the liquid T 

227. Explain why a body weighs less in water than in air. If a piece 
of Dietal weigh in voczib 30a gts. more than in water, and 2J2 grs. niiiic 
than in spiiil, what is the sp. gr. of the spirit T 

2zS. Two similar vessels ace filled, one with water and the other witli 
mercury, and are placed over two precisely Eimilar lamps : which viould 
you expect to tioil first, and why t 

229. Assuming the sp. gr. of mercury to be I3'6, and the metomiJ 
barometer to stand at 29 itiches, at what height would an oil baronieler 
stand, the sp. gr. of the oil being 0-845 - 

230. Why is it easier to raise a bucket filled with water from a well 
whilst it is ill the waier, than when it Is in the air ? 

231. On the launcWng of our ironclads, certain facts with regard to 
them are generally given in the newspapers at the lime ; for instance, il 
the lime the author was writing this part of the book, the twin-sciew 
armour-plated battle-ship ' Sans Pareil ' was launched ; it was staid in 
the newspapers : ' Length, 340 ft. ; breadth, 70 ft. ; depth, 37 fL 6 in. ; 
displacement in tons, 10,47a' What is mean! by displacement J 

232. How would you find the sp. gr. of a piece of sugar ! 

233. If the sp. gi. of iron be 7'Z| what would a cubic foot weiglj^' 
And how much less would the cubic foot weigh if it w -1=.^^ 



CHAPTER VI. 




348. In the conversion of a solid irito vapour, if c 
condetisation of tlie vapotir, it assumes the solid state, tM 
operation is called, as has been already stated, sublimai 
The apparatus used for subliming substances is general 
extremely simple, and is less various than Chat employed^ 
distillation. 

349. We will now give a few practical exercises on the SI 
liming of substances. 

Mxercises 

234. The apparatus lo be employed ci 
having a beaker inverted over it ; the two vessels are joined w 
pasted round ; liy this arrangement the student will be able ti 
Eubliming as it goes on. The dish ought to be seated in a small H 
^th, which Is heated by a gas lamp. 
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235. Place some iodine in the diah, [hen juin a beaker with il as de- 
ribed, and seat ihe dish in the &and-1ialh. 
336. Petform the same eKpedment substiluting indigo foe the iodine. 
237. YaWata the same experiment suhetiluling mercury biniodide for 

338. Perform [he same experiment subslituling naphthaline for ihe 

350. Many solid bodies, when placed in contact with a 
juid, disappear by dissolving'm the liquid. Example : A lump 
' sugar placed in water dissolves. The solid is said to be 
luble in the liquid in which it dissolves, insoluble in that 

which it does not dissolve. Ex. : Sugar is soluble in water 
It insoluble in cold absolute alcohol. The liquid in which 
e solid dissolves is called the solvent or menstruum. The 
Ore minutely any substance is powdered, the more its solution 
^ictlitated. Solid substances are generally reduced to powder 
I mortars. 

351. Solutions are of two kinds, simjile and chemical. A 
mple or mechanical solution is the mere dissolving of a solid 
k a hquid, no chemical change occurring in either ; on the 
moval, therefore, of the liquid by evaporation, the solid is 
btained in its original condiiioa Common salt dissolved in 
ater aifords an illustration of a simple solution. In a chemical 
>lution, the solid and fluid combine together, forming an 
ntirely new substance, from which the original solid and fluid 
ui no longer be extracted by mere mechanical operations. 
Ihalk dissolved in hydrochloric acid affords an example of a 
lemical solution. 

352. The solvent, in a simple solution, cannot dissolve un- 
nited quantities of the substance to be dissolved ; it can only 
issolve certain fixed quantities of the solid, the amount vary- 
g with the kind of solid, and the amount of any particular 
)lid varying with the solvent. When the solution contains as 
reat a quantity of the sohd matter as it is capable of dissolving, 

is said to be saturated. A solution is known to be saturated 
hen fresh solid matter of the same sort, on being put into it, 
lains undissolved. 

But as fluids dissolve generally larger quantities of a sub- 
ice, the higher their temperature, the term saturated, as ap- 
plied to simple solutions, is only relative, aodMig^Ovariabty 
to a certain temperature. From the 1~ 



156 Fundamental PRiNcrpi.JiS or O/zijf/sT/fy 
diminish the force of cohesion, it naturally results that the 
solubility of most bodies is increased by heat ; thus, 100 parts 
of water, at 6d° F., dissolve 1 1 of potassium sulphate, and 
at JI2 dissolve 35, At 60° F., 32 parts of dry magnesium 
sulphate are dissolved by 100 of water, but 74 at ziz". This, 
however, is not always the case ; some bodies, as common 
salt, are equally soluble in water at all temperatures, whilst 
in other cases the solubility is greater at particular tempera- 
tures than either above or below them. Of this peculiarity, 
sodium sulphate and nitrate are examples. Thus, 100 parts 
of water dissolve of dry sodium sulphate, at 32", 502 ; at 52°, 
IOZ2 ; at 76°, 28 ; at 93°, 53 ; at 122°, 47 ; and at ziz°, 41; 
the solubility increasing up to 93, and from thence diminish- 
ing. 100 parts of water dissolve of sodium nitrate, at xi", 63; 
at 32°, 80 ; at 50% 23 ; at 60°, 55 ; and at 246°, ai8 parts. 
Here the peculiarity is of the opposite kind to what occurs 
with sodium sulphate ; the solubility diminishing up to 50, and 
from thence progressively increasing. The liquids employed 
as solvents in simple solutions are water, alcohol, ether, oils, &c 
The most important solvent is water ; the others are only resorted 
to when the substance to be dissolved is insoluble in that liquid. 

353. Some substances are rendered more soluble in water 
if the water contains in solution some particular substance; 
thus lime is much more soluble in solutions of sugar than in 
pure water. 

354. When a substance dissolves in more than one solvent, 
as iodine in water, alcohol, carbon disulphide, &c., it does not 
dissolve in the same quantities in e^aa/ volumes of the different 
solvents. When a substance dissolves only in small ijuantitj' 
in a solvent it is said to be sparingly soluble in that liquid ; 1 
part of iodine, for example, requires 7,000 parts of water to dis- 
solve it at ordinary temperatures. In some cases one solvent 
will remove a substance from its solution in another solvent in 
which it is less readily soluble. For this to take place the two 
liquids must be incapable of mixing together ; see Expt. 246. 
In some cases a portion of the substance dissolved in a liquid 
is precipitated from that solvent, on the addition of another 
liquid in which it is less soluble ; for this to occur the two 
liquids must tnix together ; ExpL 247 illustrates this fact In 
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^me cases the solution of the same substance in different 
solvents is not of the same colour ; the solution of iodine in 
water, in alcohol, and in carbon disulphide (Expts, 242, 243, 
and 244) are strikiiig examples of this. 

355. The process of solution is conducted either in evapo- 
rating dishes, flasks, or test-tubes. The latter are generally 
employed when the quantity of the solid operated upon is small, 
jExera'ses on Simple or Mechanka! Solutions. 
339. Make a saluciiled solulian of polassium nilrate (flallpetre) in cold 
water, by tiitumtrng (cubbing] in a ntoTtur an Excess, say 1,000 grains, of 
this powdered salt, with 2.000 groias of water ; affei the liquid has become 
saturated, pour [,(K>o grains of (he clear solution into a ilask ; heat the 
solution in the flask until it boils, but in such a way that the temperature 
of the solution increases slowly ; add from time to time (that is to say, as 
fast as the salt dissolves) weighed quantities (twenty grains at a time) of 
the nitrate, until the solution is saturated at the Irai ling- point. 

240. Make a saturated solution of potassium chlorate in cold water, in 
the way previously described, employing 400 grains of the sail for 3,000 of 
the water. Take 1,000 grains of the clear saturated solution, and apply 
heat until it boils, in the way previously described, adding during the time 
the solution is being heated, weighed quantities of the salt, twenty grains 
at a time, until the solution is saturated at the boiting-point. 

241. Make a saturated solution of common salt (sodium chloride) in 
cold water; employ 1,000 grains of salt for every z, 000 grains of water. 
Take 1,00a grains of the clear saturated solution, and heat it until it boils, 
adding during the lime the solution is being heated ten grains of the salt ; 
■his ought not to dissolve, as common salt is almost equally soluble at all 
leniperalures. 

Z42. Add a little iodine to about half a pint of cold water and shake 
them well together. 

243. Add iodine to about an ounce of alcohol as long as il continues 
to dissolve. 

244. Add a ■very little iodine to about an ounce of carbon disulphide.' 
345. Observe the different colours of these three solutions of iodine. 

246. Add to the aqueous solution of iodine obtained in Experiment 242, 
a little carbon disulphide, and shake the two liquids ti^ether, and then 
allow the liquid to stand ; the carbon disulphide will fall to the bottom, 
and it will be readily apparent that it has removed all the iodine from its 
solution in water, 

247. Add some water to the alcoholic solution of iodine obtained in 
Experiment 244 ; some of the iodine will be precipitated from the solution 

248. Make a saturated solution of time in cold water ; employ live 
grains of quicklime for 2,000 grains of water. Take 1,000 grains of the 
Clear saturated solution and boil it, which will cause the liquid to become 
turbid, as lime is less soluble in hot than cold water. 

' By dissolving a large quantity of iodine in carbon disulphide, a solution 
Is oblaiued which is perfectly opaque to rays of light, though ii allows beat 
(ays to pass freelv. 
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356. \\'hen a saturated solution of a substance, which is 
more soluble in a hot than a cold liquid, is made ai the boil- 
ing-point, the projxirtion which has been dissolved by reason 
of the temperature separates from the solution when it becomes 
cold Thus, if 151 parts of magnesium sulphate be dissolved 
in 100 pans of boiling water, and allowed to cool to 60', a 
quantity of the salt in a crystalline form will be obtained, 
weighing 86 parts, for at 60° the 100 of water can onlydissolYC 
65 parts of the salt, and the difference between that and the 
151, which had been dissolved by the boiling water, must 
separate from the solution in the solid state. If the body be 

like common salt, equally soluble in water at al! temperatures, 
the above process cannot be applied, and a quantity of the liquid 
must be evaporated, an operation now to be explained. 

357. Evaporation is an operation which has frequently to 
be performed for the purpose of obtaining a more concentrated 
solution of the dissolved body ; this is effected by volatilising 
a portion of the sohtnt. Thus, if we have a weak solution 
of magnesium sulphate, and we required it in a more con- 
centrated state, we should evaporate so much of the water 
as would render the solution of the necessary degree of con- 
centration. 

358. Evaporation is also had recourse to for the purpose of 
obtaining a solid back from its solution ; this is effected of 
course by vaporising the solvent. Thus, if we desired to obtain 
sodium chloride from a solution of this salt in water, we should 
evaporate the water, and thus obtain the salt in the solid state. 
If the evaporation be conducted slowly, the solid matter will 
frequently, on being deposited, assume a crystalline form. The 
operation is then termed aystalUsaiion. 

359' When a liquid evaporates at common temperature, it 
is said to undergo spontaneous evaporation. 

36O- We can frequently separate two or more solid 
bodies from one another by taking advantage of the different 
degrees of solubility which different substances possess. 
Example : Commercial potassium nitrate (saltpetre) always 
contains variable quantities of potassium chloride and sodium 
chloride, and from these substances it must be entirely free 
when used in the manufacture of gunpowder. Now, 100 parts 
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water at 70" F. dissolve the same quantity (35 parts) of 
of these salts ; but 100 parts of water at 212° F. dissolve 
parts of potassium nitrate, 35 parts of sodium chloride, 
55 of potassium chloride. Suppose we had some saltpetre 
tontaining, for every 240 parts of that salt, 30 parts of sodium 
chloride, and the like quantity of potassium chloride ; if we 
were to dissolve it in the proportion of 300 parts of the salt 
to 100 of boiling water, and let this solution become cold, 
about 200 parts of the potassium nitrate would crystallise out, 
whilst the whole amount of the other two salts would remain 
in solution. These 200 parts of potassium nitrate would be 
perfectly pure, with the exception of the small quantity of 
mother-liquor,' with which they would be moistened ; to free 
the ciystals from this impurity they may be washed with a 
small quantity of cold water, or better with a saturated solution 
of pure potassium nitrate.* If the mother-liquor, which would 
contain nearly equal quantities of each of the three salts, were 
evaporated at 212°, 84 parts of water out of every 100 could 
be evaporated, without any of the potassium nitrate being de- 
posited, whereas the expulsion of so much water would cause 
'5 parts of sodium chloride, and 22 of potassium chloride, to 
separate. If the clear solution (that is, free from the chlorides 
which have crystallised out), when it has reached this degree 
of concentration, were drawn off into another vessel and 
sDowed to cool, a further crop of crystals of potassium nitrate, 
nearly pure, would be obtained ; they might easily be rendered 
perfectly pure by washing them in the way just stated, 

Exercises on Crystallisation. 

iif). Allow theboiliiigsaturaled solutionsoblainedin Experiments 239, 

^40, lo become cold ; as Ihese solutions coal, Ihe salt Ihey contain will 

U^ to cryslilliae out, ani3 when the solutions have become (luite cold 

■Athe sail dissoived by warming the solution will in both cases crystal- 

lilEDUL 

aja Dissolve some cupric nitrate in water, then evaporate the solution 
nndl il reaches the crystallising point, then place il aside to cool ; when 
it hu ceased to deposit crystals, pour Ihe liquid from them, and then 
dij them between blotting-paper, and afterwards place them in a bottle. 
Eraporale the solution again, and so obtain a further crop of crystals. 

' The liquor from which the crystals have separated. 

' After water has lieen saturated with one substance, although it cannot 
dinclve a ftirther quantity of that one, it can still dissolve other substances. 
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' i;?. Dissolve some magnesia in dilute hydrochloric acid. 

158, Dissolve some iron filings in dilute sulphuric acid, one part of 
EKiong acid and three of water. 

259. Mix equal pails of common salt, calciam carbonate (chalk], and 
EXUd together. The Hist is soluble in water, the second is insoluble in 
nraler, but soluble in hydrochloric acid ; the lost is insoluble both in water 
Uid adds. Take a few grains of the miirtnre, and separate Ihe tbree 
Mbstances &om each other by dissolving out the salt by means of water, — 
rSien the chalk, by means of dilute hydrochloric acid, so that finally no 
after substance but the sand remains undissolved. ' 

363. When a substance \n. solution is added to another in 
volution, and a substance is formed by the union of one or more 
of the constituents of the two substances, which is insoluble 
in the liquid in which the two substances were dissolved, the 
operation is called precipitation, the insoluble substance is 
called l\\& precipitate, and the substance which is added to the 
other substance is called the reagent or precipitant. The pre- 
cipitate generally falls to the bottom of the liquid, with different 
degrees of readiness, owing to its being specifically heavier than 
the liquid ; but in some cases, owing to its being specifically 
lighter i\\z.n the liquid, it floats on the surface of the liquid ; in 
each case, however, it is called the precipitate. 

364. Precipitates are classified, according to their appear- 
ances, into crystalline, pulverulent, flocculent, curdy, and 
gelatinous. The terms turbid and turbidity are applied when 
the precipitate is so small that it cannot be distinguished, except 
by impairing the transparency of the fluid. 

365. Precipitation is an operation which is constantly 
practised in the preparation of substances in the chemical 
iBinufactory as well as in the laboratory. We also resort to it 
in the laboratory, for the purpose of detecting and separating 
substances from one another. Thus, if we had a solution which 
might contain some compound of baryta and lime, — to ascertain 
whether baryta was present, and if it was, to separate it from 
the solution, before ascertaining whether lime was likewise 
present, we might add a soluble chromate ; if baryta was 
present, the chromic acid would combine with it, and as bariiun 
chromate is insoluble in water, it would precipitate, whilst cal- 
eium chromate, being soluble, would remain in solution. If we 

completed the study of this chapter, must pass 
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were now to add to the clear filtered solution some s 
oxalate — calcium oxalate, being insoluble in water, would p; 
. If thechromatepro 
no iirecipitate, there 
be no baryta ; if the 
produced no precipitatt 
having separated the bai 
present, lime must be al 
366. The separati< 
^■^^ precipitates from the liq 

with a few exceptions, much assisted by the application 
and agitation. The operation is conducted in tesl-tul 
used as an analytical process ; at the lecture table it mi 
performed in flasks, if heat has to be applied ; if not, in 1 
of the description illustrated in fig. 59. 

367. The student has aheady been made acquaintei 
filtration ; and that by the aid of filtration we can sepa 
substance insoluble in a 
from other substances th 
soluble in the liquid ; bi 
mere filtration does not 
pletel)' separate a preci; 
from the soluble substs 
inasmuch as it remains i: 
ened with the liquid in ' 
they are dissolved ; in 
chemical operations it h 
be completely freed from 
substances ; this is effect 
washing the precipitate 
distilled water. It is u: 
washed by means of a ' 
bottle ; the usual arrangt 
of the bottle is that sho 
fig. 60, but there are other 
of it ; one we have givei 
30, par. 18S) ; the one s 
here consists, as seen by the figure, of a flask in which are I 
by means of a perforated cork, two bent tubes; the operatorl 
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"lie blow-tube a ; this forces a fine strong jet of water 
through the other, /;, which is directed on the precipitate. If 
hot water can be used the precipitate is sooner washed free 
from the extraneous matter than if cold water were used ; 
sometimes other liquids, as alcohol, ether, &c., have to be used 
in place of water. 



CHAPTER VII. 



368, The cohesive force we have considered ; we have now 
to become acquainted with a series of phenomena, which are 
considered to be due to another molecular, force, viz. that of 
adhtsion. 

3^ This force may be, and most probably is, merely a 
modification of the cohesive force ; and as the phenomena 
produced by the operation of these two forces are so similar in 
some cases, scientific authorities differ as to which of the two 
fcrces the adhering is due ; this difference of opinion arises 
ta the case of the adhering of pieces of the satne substance, 
ss the adhering of two pieces of lead or two pieces of glass ; 
Mine authorities consider the action due to the cohesive force, 
other authorities consider it due to the adhesive force. 

370. Whatever difference of opinion there may be as to 
which of these two forces is to be attributed the adhering of 
pieces of the saim substance, there is no difference of opinion 
as to the adhering of unlike substances, as, for example, the 
writing with chalk, charcoal, plumbago, &c. The adherence of 
I unlike substances is always attnb d h dh 

371. The principal cause oh h h 

is termed friction is due to h d tr rt d 

between solids. The action m d dh n 

and that adhesion is exerted b dff d m 

with varying degrees of force i h m 

required for the variety of ma il h b d 

glue, for example, will Join p d h b 

valueless for joining stone or b ^ h ^'^ 
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372. The action of the adhesive force is not confined to 
solids, but is exerted, as will be shown, between solids and 
liquids, solids and gases, between liquids, and the adhesion of 
gases to liquids. 

373. When a piece of glass or wood is dipped into water 
or oil, the solid when withdrawn comes out wetted, owing to 
the adhesive attraction between the solid and the liquid : bul 
if the solid is dipped into mercury on its withdrawal no mercoiy 
will be adhering to it, owing to the cohesive force in this case 
exceeding the adhesive one. The simple solution of solids in 
liquids is due to the adhesive force ; in these cases the adhesion 
overcomes the cohesion existing between the particles of the 
solid ; hence, by weakening the cohesion between the particles 
of a solid, by powdering it or other means, its solution is 
hastened. 

374. From the facts just stated we learn that a solid bed} 
is ntoisiened by a liquid if the cohesion of the liquid is less that 
the adhesion between it and the solid ; but if the cohesien e 
greater than tiie adhesion, the solid will not be moistened by /fc 
liquid. 

375. The adhesion of some, and the non-adhesion of other 
liquids to solids give rise to some important effects due to 
capillary attraction, so called because they are best seen and 
studied in tubes the bore of which is not greater than ihc 
diameter of a hair ; the Latin word for hair being capillus. 

376- The surface of a liquid in equilibrium is a horiionUil 
plane, but in contact with solids capiilarifs 
causes it to be more or less airi'ed; being 
concave if the liquid adheres to (wets) the 
solid, convex if it does not. Fig. 61 repre- 
sents two glass tubes of different diameters 
inserted in a liquid which wets the sides of 
the glass. By the aid of the figure we learn 
two facts : 1st, that the liquid is curved, 
and that the curve is concave, which is called the concave 
meniscus ; and, that the liquid stands higher in the narrower 
tube. 

Fig. 62 represents Uie insertion of two glass tubes of differ- 
ent diameters in mercurj' ; the glass is not moistened by the 
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liquid metal ; the mercury, in consequence of the non-adliesion, 

is depressed at the sides of the glass, and 

below the level of the exterior mercury, and 

the curve is convex, which is called the 

amt'ex rmmscus; and the depression, it will 

be observed, is the greater in the narrower 

tube. 

377- The following /ate of diameters has 

been arrived at — Capillary elevations and de- 
pressions, when all other circumstances are the same, are in- 
rereely proportional to the diameters of the tubes. 

3^ The elevation of the column of liquid in tubes of 
equal diameter varies with the nature of the liquid, the variation 
depending partly on the difference of cohesion between the 
particles of the liquid, partly upon the difference of adhesion 
between the liquid and the glass. In consequence of the 
decrease of both these forces by heat, the height of the column 
diminishes as the temperature rises. 

Experiments on Capillary Attraction and Depression. 
260. Insert several glass tubes open at both ends, and of different bores, 
10 1 vessel of water ; and observe whether the height at which the water 
^Dds and its curvature corresponds with what has been stated in the 



379. Both the elevation, and the depression of liquids in 
tubes above and below that of the liquids surrounding the 
tubes, appears at first sight to be opposed to the law of gravita- 
tion ; but these facts are really no contravention of that force ; 
as we have learned that, although the molecules of gases repel 
each other, the atmosphere, nevertheless, cannot indefinitely 
expand ; it ceases to expand when its elastic force and the 
attraction of gravitation are balanced ; in like manner, the 
adhesion between a liquid and a solid causes the liquid to 
ascend in a tube to a height above the liquid surrounding the 
tube, and were the adhesive force unrestrained the liquid might 
ascend in the tube to any height ; but the height is limittd by 
the action of gravity, the pressure of the atmosphere, and the 
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cohesion existing between the particles of the liquid The 
influence that the pressure of the air exercises is illustrated \jj 
placing in water a capillary glass tube shorter in length than 
the height a column of water would ascend to if the tube were 
of proper length ; the water will ascend to the top of the tube, 
but wil! not overflow, and the curvature of the liquid which was 
concave becomes convex when it reaches the top. 

380. In the case of capillary depression, the liquid sinis 
as much below the original level as will bring the depressed 
colurnn of liquid into equilibrium with the capillary repul- 

381. In noticing the corrections that require to be made fw 
reading accurately the barometric height, we stated that the 
capillary action between the glass and mercury was one, and 
that we should notice it in this chapter ow adhesion. The 
capillary depression, we now know, wil! vary with the diameier 
of the tube ; in tubes of large bore the depression is inappreci- 
able ; large-bore tubes are therefore always employed in con- 
structing important standard barometers. In tubes of small 
bore the depression is sufficiently great to render it necessary 
to make a correction ; the following table will therefore be 
found useful, as it shows the difference in depression in tubs 
of different diameters. 

Diameter of Tubi 





Dui 


melet QfTubt 




17 




dredlhsnfari 
Inch 
26 . 


Ha 


14 




2% . 
30 ■ 




9 




32 - 




7 




^2: 




6 

5 '2 




38 . 
40 . 




4-5 









382. In reading off the level of mercury in a barometer, ot 
in a eudiometer, the height of the metal should be taken froBi 
the convexity of the curve; but in estimating the volume ot a 
liquid which wets the surface of the glass the determination 
should always be made from the bottom of the curve. 

383. If in place of the tubes we employ two glass |rfat«w 
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ihd so place them in water, or other adhesive fluid, that one 
:nd of each touches the other, their sides being at a small 
lislance asunder, the highest point of the liquid will be where 
he plates are nearest together. If the plates are immersed in 
mercury, a corresponding depression is produced, 

384. Everyone is familiar with capillary attraction in a 
■variety of forms :^the ascent of oil, or melted tallow or wax, 
in the wicks of lamps and candles ; the absorption of liquids 
by sponge, blotting-paper, &c. ; the swell ng of od dan j 
weather ; the dampness in the basement s o ey of honses and 
the filtering of liquids through any po ous essel tl a mav 
contain them, will immediately recur to he s uden as fan il hj 
esamples of capillarity. There is one evan pie h h fi s 
sppaxs rather perplexing : water will pass h ough gauze bu 
raercury will no^ unless the gauze is we ed h wa e hen 
the mercury- passes through; the reason h he ohes on 
Hosting between the particles of themercu y p eponde a s o e 
the adhesion of the gauze for the mercury, but this is overcome 
when the gauze is wetted, and of course the passage of the 
mercury through the pores is aided by gravity. 

385. Immense force can be developed by capillary action : 
large blocks of stone, for example, can be split by the insertion 
of wedges of porous wood, which are then saturated with water ; 
ihe absorption causes the wood to expand, and by the expan- 
sion the rock is split. Considerable weights may be raised in 
■he following manner : let one end of a rope be fixed at a 
point, and the other end to a weight vertically below the point ; 
■he rope is then stretched tight, and afterwards wetted ; the 
'letting causes the rope to swell, the swelling shortens its 
length, and owing to the shortening the weight is raised. 

386. The adhesion of a solid body for other solid bodies 
is sometimes so extremely powerful that it can remove them 
from their solutions in water and other liquids. This is notably 
the case with charcoal ; charcoal is obtained from both vege- 
table and animal substances ; animal charcoal is more powerful 
than vegetable charcoal, and it is usually prepared from bones 
by exposing them to a high temperature in closed vessels ; by 
thus excluding them from the air during the time they are 
Iteated the gelatinous tissue of the bone becomes carbonised or 
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Examination Questions, 

2^2. Four cislera- barometers, the diameters of the ti 
"f* ^i ii ». ^^'' I inch respectively, are placed side by aide. 
Teadin{^ 1>c all alike * Give reasons for your answer. 

273. A plHtinum dish containing ether is set in a small pool of water 
under the receiver of an air-pump, which is then worked ; the ether btnlsi 
the water freezes, and the ice is full of hubbies : explain these facta. 

374. When a bottle of soda-water is opened, the temperature of the 
liquid falls : explain the reasnn. 

275. Two similar silver vessels containing, one an ounce of water, and 
the other an ounce of oil, loth at 60° C. , are taken into acold room ; which 
If or 
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391. 'We have now to become acquainted with the other 
molecular force, viz. cheynical affinity or chsmieal attraction, and 
the changes produced on matter by the action of this force 
We shall, as we proceeti, finti that it differs essentially from the 
other two molecular forces. Substances when they are united 
together, either by the cohesive or adhesive force, undergo, we 
have seer, not the least change in their properties by the union; 
whereas when substances are united together by the chemical 
force they lose, as we shall learn, their individual properties, 
the substances produced by the union being endowed with 
totally new ones. We will commence as before with what the 
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this much admired 'brilliant' is carbon in its purest state; 
graphite or black-lead, used in the manufacture of pencils, is 
the other form.' It is obtained artificially from several of its 
compounds, and, according to its source and mode of extrac- 
tion, it passes under the name of lamplack, bone or ivory black, 
soot, charcoal, &c. 
Ta&ie of the more commonly occurring Elements with their Symbols. 



\ 



Nam«orUi=El<ni..nls 


a^ 


Names of ihcElcmenta 


Sm- 


N0N.MBTA15. 




METALS {continued.) 




Hydrogen . ■, q^„^ ^^ 
1 Oxygen . , TTVZ 
Nit.Sg.u .1. '^.''"- 


H 



Calcium 
Chramium . 


Ca 
Cr 


N 


Cobalt .... 


Co 


Fluorine . ■""" t""" 


F 


Copper (Cuprum) . 


Cu 


Chlorlne . ) P^"""'^- 


CI 


Gold (Aurum) . . 


Au 


Bromine fluid . 


Er 


Iron (Ferruni) 


Fe 


Iodine . . 




Lead (Plumbum) . 


PI. 


Carbon 1 _ . 


C 


Liihium" 


Li 


Boron . 1 ',°j:„^„=;,;*'= 


B 


Magnesium . 


Me 






Manganese . 


Mn 


Phc'^^horus' 1 '™P'^'^t"'=- 


P 


Mercury [Ilydratgyium) . 


He 


Sulphur K . . 


S 


Nickel .... 


Ni 




As 


Platinum 


Ft 






Potassium (Kalium). 


K 






Silver (ArgenCum) . 


Ae 




Al 


Sodium (Naltium) . 


Na 


\ Antimoov (StibiuQi} 


Sb 


Strontium 


Sr 


Barium .... 


Ba 


Tin (Stantium) 


Sn 


' Bismuth 


Bi 




Zn 


Cadmium 


Cd 







399- Mercury is the only metal that is liquid at common 
^^mperatures ; all the other metals are solid bodies. Fluorine 
's stated in the table to be gaseous at common temperatures, 
l^ut it is ths element that is the most difficult to obtain in its 
"■se 'or uncombined state ; it is still doubtful whether it has yet 
vCen obtained in its elementary state ; and therefore it is still 
'^ticertain what its physical state would be if it were obtained 
''n.combined with any other element. We have already noticed 



is a lead subslancc. 

lement, but as some of its compounds ar 

re thought it desirable to introduce it intc 
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that an tbe gacocM fiririin ha:TebcaHfiq;aded;Hd4d 
tbcm. oiqigen, has been sniirtiftil 

40a The roost obriaas ditt,mnj» bctwe^ < 
noiMnetals are phjwal. The maab tn ibe BoaSrhnaotK 
a findy divided stale, icfletx l^t poveifid^, aAkk 
ibat pcoiliar appearance tenned ' metallic tosoc' 
also good condncton of heat and dectriidty. ThB 
peniea are never foood associated in the mcm-mebk. 
cnce in the chetoical ptopenies of the componnds tbe a 
and non-nieials fotm with oxygen is noticed in par. 4681. 
Exercises on Chemical Nomeneiahat and ^ 



3j6. Wrilc tiul the qiDibob (bt btommc^ Ucoo, 6 

ajj. \Miat cicmentt do tbelbllowii^sjriabakdenotr^ — C,C«.C4fl! 
Cm Cl.anaCoT 

378. What elements do ihe following symboU iieoote,—H, I{e,OiS^ 
Pb, Au, Ni, St., Kc, K. and Ag? 

279. Do Ihe following sfmboU denote coropound tiodies; if9i,«tM 
an the elemeola cuTDposiDg ihese difletenl compotmds— Xi, CI, A#l 
Kltt, and HCl ? 

4OI- Compound substances, we Have stated, are {anati 
or produced by the chemical union of two or more elements: 

[he elements must, therefore, be capable of chemically uniting 
together. That two elements are capable of uniting togelber 
and forming a compound substance the foHownng 
arc given as proofs :— 



■xpesiamitk 



Exptriments on the Combination of Two Elements. 

aSa Place a piece of phosphotus, about half Ihe si . ,. -- . 

deflncratinB i^oon (having previously dried il bypreisiDgiigen^y^hteoi 
FoldK of bloltine paper),' [Bg. 11) ; hold the SfKwn in the Bamc of alwnp 
until Ibe phoipnonis lakes fire, introduce it then into a jai (fig. 12) ffld 
with oxygen.' The light produced by the combination of Ihese two efc 
mcnl* ix io inlense that the eye can scarcely bear il. The compoond pro- 

I The Mpcrimenter must dry Ihe phosphorus as expeditiously as posoUc 
and nvnid friction, as phosphorus takes fire readily and causes very seivR 
burnt : be mual also obey the instructions as to the size of the pieces of pbcs- 
phorai in b« uaod in Ihe cuperimenla. 

• Oxygen is most conveniently prepared from potassium chlorate (KClOlJ. 
Tnt this pur[KiiiC, powdered potassium ehlomte is intimately mixirf with ant 
Hfth of Its wflBhi of manganese dioxide (MnOg), and ihen introduced into 1 
M large tcll-luhe, with a bent tube, as shown in figs. 17 and A "He 
<st tcit>tub«. may be healed by a gas or spirit lamp— at first moc 
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duced, appenrs at first under the form of while smoke, which gradually 
collects into flakes, falls lo the bottom of the vessel, anii is dissolved in the 
water. The white compound is called phosphorus pentoiide (P^Oj). 

281. Dry a piece similar in si^e and in the same way ; cut it into small 
fragments, and introduce them iiiiigiiilsd, by means of the spoon, into a 
bottle filled with chlorine.' The phosphorus will instantly take fire, 
burning with a yellowish-green flame. The compound produced is called 
phosphorus trichloride (PCI,). 

aSz. Place a few fragments of pliosplioms (dried) upon a plate, and 

Ihiow upon them a small quantity of iodine ; the two elements will instantly 

■- .!H>mbine, and foim a red solid called phosphorus tri-iodide (PI,). The 

^■combination is attended with evolution of heat and light. 

B( 283. Place a piece of roll sulphur about the size of a pea in the cup of 

B the spoon, hold the cup in the flame of a lamp or candle until the sulphur 

W tnkes fire, and then introduce it into a wide-mouthed bottle or jar filled 

with oxygen. The sulphur will instantly burst into a biilliant purple flame 

and rapidly disappear. The two elements form by their union a gaseous 

compound called sulphur dioxide (SO;), which is very soluble in water, 

and has an intensely suffocating odour. 

284. Introduce, l^ means of the spoon, a piece of red-hot charcoal 
into ajar filled with oxygen ; the charcoal enters into a vivid state of com* 
bustion. The compound produced by the union of these two non-metals 
is a gaseous compound called carbon dioxide (CO,). 

255. CoU a thin iron wire round a thin slick so as to bring it into a 
corkscrew shape, and then draw it off. Tip one end of the wire with 
sulphur, by immersing it in melted sulphur, the other end being fixed into 
a cork which fits the mouth of the gas jar. The sulphur having been 
%nited, the spiral wire must be immediately inserted into a jar filled with 
ox^en, and the cork is in this case not closely pressed into the mouth of the 
jat. The sulphur will burst into full flame ; the iron, thus becoming 

heated strongly, is capable of entering into combination with the oxygen ; 
a. brilliant light accompanies the union, and the compound produced, an 
oxide of iiOD, falls down in brilliant sparks. 

256. Put a little powdered antimony into a small fine muslin bag, and 
shake the bag over a bottle filled with chlorine, in such a manner that 
Ibo Email particles of metal coming through the muslin may fall into the 
hotUe i they will take fire and bum brilliantly, a compound of chlorine 



HSpidl] 
■riasnis 



the gas, on the first application of heat, comes off very abundantly and 
J>idly; the healiigraduaUyincreased asihe evoluiioiiofgasdecreases. The 
iw may lie oolleeled over water in the pneumatic trough. 

1 Chlorine Is prepared in the following way ;— One part of finely-powdered 
■nanganese dioxide (MnO;;} is placed in a capacious flask, and four parts of 
Vdic^en chloride (hydrochloric add, HCl) are added ; the flask is fitted with 
» tube bent at right angles— theshorter limb is fitted into the neck of thebottle 
^ means of a perforated cork, and the longer one is conducted to the bottom 
of a diy, wide-mouthed, stoppered bottle. The flask is gently warmed, and as 
"'Orias the gas begins to be evolved, the heat is removed until it commences to 
^ slowly evolved, when it is again applied. The gas being much heavier than 
^ TOUects in the bottle by displacing the air ; as soon as the bottle is filled, 
y seen by the colour, it is removed, and another substituted ; the 
umediately stoppered, the stopper being first slightly greased. 
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nnil antimiin)' licing ptoduceil. The experiment may lie varied liysul 
9til:uting powiiered HTseDic fot the anlimany. In both cases the eiperi- 
menler mast tie very careful not to inhale any of the vapour, and Bit 
apparatus, as soon as the Mperimeni js completed, ought to he renvxtd 
from the room. If copper or goltl leaf be introduced into chlorine, itii 
non-metal and metal combine, and the combination is attended, a ' ' 
two preceding cases, wilh evolution of heat and light. 

402. It is not intendcd'that the teacher should explain how 
the different elements employed in the preceding lesson m 
obtained from their compounds ; to do so would be to derangs 
entirely the plan of the work. The object of the lesson is no( 
to teach the learner how the different elements ate obtained 
from their compounds, but what is much simpler, viz. that 
elements can combine together. The self-instructed student 
is requested to prepare the different gases without atteraptiog 
to understand the mode by which they are obtained from 
their different compounds. The methods for extracting the 
elements from their compounds form the subject of a future 
lesson. 

40s The student need not trouble himself to remember the 
names of the compounds formed in the different experiments, 
or their symbols ; as chemical notation and nomenclature 
taught in a series of systematic lessons farther on 

404. The collection and transference of the gases, the 
sels in which they are collected, as well as the vessels in which- 
they are generated, are described at the end of Chapter I. 

405. It may be stated in general terms, that all chemical ex- 
periments are either experiments q{ combination orexperiments o^ 
decomposition, or they are a combination of the two ; the student- 
ought therefore to remember that, however complex any chemical 
experiment he witnesses may appear, it must either be an ex- 
periment of combination, which is termed a synthetical experi- 
ment, or an experiment of decomposition, which is termed an 
analytical experiment, or it must be both a synthetical and an 
analytical experiment. No chemical compound is composed oT 
all or a majority of the elements ; a large proportion are only 
made up of some two, three, or four. The elementary sub- 
stances composing a compound are called its constituents or 
poiienls. 

406.— The last course of experiments was given to teach 
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I learner the important fact that two elements can combine 

I tc^ther, and that a compound substance is produced by their 

One of the experiments must be repeated before we 

I attempt to extract any further information from them ; supposc- 

'e repeat the eighth, which was the most brilliant. 

a jar of oxygen, in the ivay de 



407- Chemical attraction differs from the attractions of 
cohesion and adhesion in a great many important particulars. 
When substances combine by means of chemical attraction, 
Ihey lose their indhddual properties so long as they remain united 
—the compound produced by the union possessing projierties 
perfectly distinct from those of its constituents. If we contrast 
Ae properties of the compound we have just formed by the 
•wabination of phosphorus and oxygen, with the properties of 
Is constituents, we shall see that this is the case. First of all, 
"le compound we have just formed is a solid body, and there- 
fcre oxygen, which, in its uncombined state, is a gas, has 
''^ome transformed into a solid by its union with phosphorus. 
~hen again, the compound is very soluble in water, and tbere- 
™fe differs from phosphorus, which is entirely insoluble in that 
''lUid, and from its other constituent, oxygen, which is only very 
^''ghtly soluble ; and it possesses other properties which neither 
"f its constituents possesses. 

408. Although, in all the experimental exercises, the 
''"^dent's attention will be drawn to the fact that substances 
lose their individual properties when they combine together, 
^d that the compound formed assumes properties peculiar 
t" itself, yet it may be as well, whilst we are alluding solely 
'° this particular effect of chemical combination, to adduce 
^ few more examples. Let us take, as our first example, the 
'^'*tnpound body water. One would not suppose, from its 
^Pliearance, that it is a compound body^much less that it is 
">inposed of two gases, oxygen and hydrogen. One of them, 
l^ydrogen, is one of the most inflammable substances in nature, 
and yet water cannot be set on fire ; oxygen, on the other hand, 
enables bodies to burn with great brilliancy, whilst water extin- 
Piishes combustion. The pungent substance ammonia is com- 
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[Xised of the two gases, hydrogen and nitrogen, both destitute 
of odour. The constituents of sugar are carbon, hydrogeri,aiui 
oxygen. The first of these bodies is a soUd, which has tieiw 
in its elementary state been dissolved in any Uquid ; the oibe' 
two components of sugar are colourless gases, — yet the com- 
pound prodtjced by their union is a white, solid substance, 
which is very soluble in water and has a sweet taste. The cc 
pound resulting from the union of the two solid substances 
carbon and sulphur, is a volatile, colourless liquid, so volatile 
that it even evaporates in stoppered bottles, unless coveral 
with a layer of water.' Hydrogen cliloride (muriatic acid) when 
applied to vegetable substances that are blue in colour, changs 
the colour to red ; if ammonia be applied to the substance thus 
reddened the blue colour is restored ; ammonia has, as s 
above, a pungent odour ; and these two substances are gai 
bodies ; when they are brought together they chemically unite, 
the compound produced by the union being a white scrfid 
substance, which does not change or alter coloure, and is 
destitute of odour. As the properties of the two substance 
are, by the union, destroyed so long as they remain united, they 
are said to have neutralised each other. The leading circum- 
stance which characterises chemical combination is, as these 
examples sufficiently illustrate, the loss of properties experienced 
by the combining substances, the compounds produced being 
endowed with entirely new ones. 

409. But chemical affinity differs from the attractions of 
cohesion and adhesion in another respect ; afiSnity causes sub 
stances to unite in certain definite proportions by u>eighl, whereas 
substances cohere or adhere in any proportions. The fiill con- 
sideration of this peculiarity of chemical affinity forms the sub- 
ject of a future lesson. 

4,10. From what has already been stated, the learner wiii 
be able to understand the difference between a mere tnixturr 
of substances s.n& a chemical compound ; \n a. mere mixture of sub- 
stances the different ingredients composing the mixture do noi 
lose their individual properties, but retain them unaltered and 
unimpaired, and they can be mixed together in any proportion* 

' Carbon disulphide being heavier, nnd not miscible with waler, iWs lalin" 
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H!f weight. But when substances chemically combine, they lost 
their individual properties, and the compound produced is 
endowed with entirely new properties ; and when substances 
chemically unite, they can only do so in certain definite pro- 
portions by weight. Ex.: ist. Gunpowder is a mere mechanical 
mixture of charcoal (carbon), sulphur, and potassium nitrate 
(saltpetre) ; but when heat is applied to the mixture these 
substances disappear, for they enter into chemical union, and 
most of the compounds produced by the substances are gases, 
and. If sand, lime, and potash are merely mixed together, the 
three substances each retain their properties unaltered and 
Unimpaired ;. but when they are chemically combined we 
have the substance produced known as glass. 3rd. ' If we 
n>ix together iron and sulphur in the finest powder, in the 
proportions in which we know they will chemically combine to 
form iron pyrites or ferric disulphide, namely, 47 parts of iron 
ind53 of sulphur, they will remain a mere mixture, each with its 
Jhysical properties unaltered. Owing to the presence of iron 
he powder will have magnetic properties, and when placed in 
cater the iron will rust, and remove oxygen from a vessel of 
lir. If a magnet be drawn over the powder the iron will be 
emoved and the sulphur remain. When the sulphur and iron 
ire, however, chemically united in the proportions above 
nentioned, as in iron pyrites, they will be found to have lost 
heir characteristic physical and chemical properties. The 
ompound has no mr^netic properties ; it is not, like sulphur, 
endered electric by slight friction, and in the state of fine 
owder it does not remove oxygen when placed in a jar of air 
ver water. A magnet drawn over this powder produces no 
fifect upon it : the iron is not separated from the sulphur ; we 
ave, in fact, an entire change of properties, and the new pro- 
erties acquired are retained so long as the two elements are 
hemically combined. By the aid of the chemical force the 
wo elements may be separated and obtained in their eleraen- 
iry state. The iron and sulphur will then be found to have 
e-acquired all the properties, physical and chemical, which 
hey had lost as the result of their combination.' 

411. We have inquired as to the cause of substances 
Aemically uniting ; we have now to inquire whether any out- 
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Conditions Nechssarv for Combination i8i 

sga Dissolve some ferrous sulphate in water, and add to the soluiiiin 
3Tae ammooium sulphide ; Itje sulphur and iron will unite and fonri a 
alid compound (fenous sulphide), which is insoluble in water, anil of a 
tack colour. 

291. Dissolve some zinc sulphate in water, and add to the solution 
a (BE BmmoQiuin sulpliide; the sulphur and line will unite and form a solid 
ompuund (zinc sulphide), which is insoluble in water, and of a lahili 

413. The preceding esperiments are likewise examples of 
)redpitation, which is a change of form ; the compounds that 
»ere formed, as the learner saw, were insoluble in the liquid in 
»hich their constituents were dissolved ; they therefore fell 
ir were precipitated to the bottom of the vessel. Chemical 
:otiibination is, therefore, sometimes attended with a change 
3f form ; the last experiments were examples of this in one 
lirection ; the followint; experiments are examples of it In other 



Further experiments showing that chemical combination ts 
sometimes attended with a change offonn. 

29Z. Place some fragments of marble or chalk in a deep glass vessel, 
add some water, and finally some hydrocliloric acid ; effervescence will 
be produced on the addition of the acid ; effervescence is caused by a gas 
n Its passage through a liquid ; the gas (carbon dioxide) in this instance 
i liberated from the marble by the hydrochloric acid. 

When the evolution of gas is instantaneous and for a 
ooment, we call it not effervescence but an explosion ; as, for 
Qstance, when we apply heat to gunpowder, and convert it into 
;aseous substances. 

293. Take two precipitating vessels of equal size, moisten the sides of 
>ne with a few drops of ammonia, the sides of the other with a few drops 
]f hydrochloric acid ; ammonia and hydrochloric acid are gaseous bodies, 
md they escape from Iheii aqueous solutions when exposed lo the air j the 
ilmosphere of the jars becomes therefore fillect with these gaseous bodies. 
rhe mouths or openings of the two vessels are then lo be brought together, 
ind the two gaseous bodies will combine, and the compound produced by 
iheii union will be a white solid body, which will appear like smoke, owing 
lo its finely divided state. By this experiment we learn that gases may 
produce by their union solids. 

414. It has already been stated, and it will be proved 
experimentally hereafter, that the elements of water are two 
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gases, consequently gases sometimes produce by their union 
liijuids. 

4IS Therefore the changes of form or state that attend 
chemical combination are exceedingly various ; the combination 
of gases may give rise to liquids or solids ; solids sometimes 
become liquids, and liquids solids. And we have seen by the 
e\periments that several familiar chemical phenomena, such as 
detonation, effervescence, and precipitation are owing to these 
changes , 

416- The next question, 1 think, any learner would ask 
about chemical combination would be this, — Can every element 
unite with every other element ? Every element has been made 
to unite with the greater number of the elements, but nev« 
with all ; but the student is not to conclude from this that 
every element cannot unite with every other element. All we 
are entitled to say is, that it has not as yet been accomplished. 
Oxygen, for example, has been united with every element bat 
fluorine, and we conclude from analogy that it would unite widi 
this element if they were brought together under the proper 
conditions. 

4.17. But although every element may be capable of uniting 
with every other element, they do not all unite with equal fecility. 
nor do they all unite by direct methods, as the student wiU 
learn from the following experiments. 

Experiments showing that the ekwents do not all unite ti'ili 
e^ual facility, and also that they do not all unite by dirtti 
combination. | 

294. Introduce into a jai filled with nitrogen ga^ ' a small piece ol 
ignited phosphorus, by means of the deflagrating spoon ; the phosphorus 
will cease to burn in the nitrogen ; it will on its introduction into the gu 
be immediately extinguished, because a union of the two elements cannOl 
be effected under these conditions. 

Z91;. Introduce into a jar RUed with nitrogen a fragment of ignited 
Eulphur, by means of the deflagrating spoon ; the sulphur, like the pho*- 
photus, will cease to burn in the nilri^en, liecause the union of the two 
elements, sulphur and nilri^en, cannot be effected under these condition!. 

296. If a piece of burning charcoal in a cage of thin copper wire i> 
introduced, when in a vivid state of combustion, into a jar of chlorine, the 

' Nitrogen Is most easily prepared by inverting a glass jar in water ■nd 
burning phosphorus in the confined air contained in the jar. The phosphonls 
and oxygen combine logether, and produce phosphorus pentoxide (PjOj). 
whiahbuHMohad by tliewamMriillsl the nitrogen remainabdilndaliaiat pi 
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J. The sruderr urzsx, noc conciiide firom these experi- 
that the elemerLts which were brought together will no» 
thev were ooLv ;TTveii to teach him that all the elements 
unite with the same ticilitv, and that thev cannot all be 
:o unite directly. Nitrogen, tor example, has only been 
:o combine directly with a few elements. 
Ji The combination of phosphorus with oxygen, and 
lorus with chlorine, will now be contrasted, and the 
t must observe the different circumstances which mark 
mbination of phosphorus with these two elements. 

iments shtrwing that the temperature at which co/nbination 
takis place varies with different substances. 

Introduce a piece of ignited phosphorus into a jar of oxygen, in 
r directed in Experiment 280. 

. Introduce a piece of unipiited phosphorus into a jar of chh^rine, 
vay directed in Experiment 281. 

0. These two experiments have been contrasted for the 
jf teaching the student the important fact that the tem- 

ydrogen may be prepared by acting on zinc or iron with dilute sulphuric 
le part by measure of the acid and eight parts by measure of w ater. 
paratus employed may be a Woulfe's bottle (fig. 14) ; clippings of thi- 
ia\ing been introduced into the bottle, sufficient of the dilute acid ib 
in through the funnel-tube until the metal is covered to the depth of an 
so with it ; at all events, enough acid should be added to produce a 
It not violent effervescence, and as the end of the funnel-tul)e is covered 
uid, the gas evolved can only escape through the other tulje. The gas 
>t be collected until the whole of the air in the different parts of the 
us has been expelled, as a mixture of this gas and air or oxygen lb 
>usly explosive. To guard against this, as much of the newly-formed 
-n ought to be allowed to escape uncollected as would fill the gas ap- 
two or three times ; after this it may be collected with perfect safety, 
the gas begins to be slowly evolved, the addition of a little more acid 
^ the funnel-tube causes it to be evolved again as briskly as at the 
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ptratun at ivhich cmnbinatioH takes place varies^ with the dif- 
fertttt substances. In order to effect the combination of the 
oxygen with the phosphorus, the phosphorus had to be intro- 
duced into the oxygen in an ignited state ; whereas the chlorine 
and phosphorus combined at the ordinary temperature of the 
air. The student may ask. Would not the phosphorus com- 
bine with the oxygen, without the aid of heat ? Not 10 form 
the com]X)und produced when the phosphorus burns in oxygen 
gas, unkss il be kept in contact with the air for some time. 
The reason of this is fully explained in paragraph 462 ; but in 
order to give the learner a convincing proof that a certain tem- 
perature is requisite for the combination of substances, and 
that the temperature varies with the different substances, tht 
following experiment must be made ; — 

300. Pliice in a beaker, or other convenient glass vessel, a piece d 
phosphorus, and half-fill the vessel with water. Fill a bladder, which ii 
tilted with a stopcock and bent tube (hg. id), with oxygen, and direct 1 
stream of gas upon the phosphorus. When the iwo elements come io 
contact, the phosphorus will not burst into fiame ; increase the temperatue 
of the water ten degrees, and then direct the stream of oxygen upon llit 
phosphorus. Continue to increase the temperature of the water ten degrees, 
after each occasion the oxygen has tjeen directed upon the phosphonu, 
imlil the phosphorus bursts into flame, when the two elements are brought 
into contact. When this takes place, the temperature of the walet will he 
iibout 145° F. 

421. .We will give a few more examples and experimenU 
to prove that the temperatures at which bodies enter into rapid 
combustion is very various, Ex. ; Chlorine, we have seen, com- 
bines with phosphorus (Expts. 281 and zgg), with antimony, 
and arsenic (ExpL z86), at the ordinary temperature of the 
atmosphere, the combination being attended with evolution of 
light ; but at the temperature of— 106° it does not enter into 
combination with these substances. Phosphuretted hydrogen 
bursts into flame when it comes into contact with the air at the 
ordinary temperature. Carbon disulphide ignites when touched 
with a warm glass rod. If a jet of coal gas be made to impinge 
on a bar of iron only visibly red, the gas will not ignite : it w-ill 
only be ignited by Che metal when it is bright red. Sulphur 
enters into combination with the oxygen of the air at about 
500", hydrogen enters into combination with it below 600° ; 
carbon enters tnto combination with it at about 1000°, and sibg 
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enters into corobination at about igoo°. But it must be observed 
that the temperature at which combination takes place depends 
greatly upon the state of division of the substance if it be a 
solid body ; thus iron, lead, and many other substances which 
will only combine with the oxygen of the air with vivid com- 
bustion at very high temperatures when in masses, will when in 
a state of iine powder combine with the oxygen of the air with 
vivid combustion at the ordinar>' temperature of the atmosphere. 
Paradoxical as it may appear, iron and lead when in a state of 
fine division ignite at lower temperatures than gunpowder, as 
the following experiment illustrates. 

Experiment showing that Iron igniUs at a Imver temperature 
than Guiipmoder. 
jot. rincc some spErilof wine upon a dinner plate, ignhe it, then allow 
B lillle gunpowder to fall through the flame. Perform tiie same experiment, 
but substitute for the gunpowder iron iapoTodtr. 

422. A certain temperature, then, is requisite for the com- 
bination of substances ; and after combination has commenced, 
the heat necessary for its continuance is produced by the combina- 
tion ; for we have already seen that heat is evolved when two 
substances combine together. 

423. As a certain temperature is necessary for the combi- 
nation of substances, it follows that if the heat evolved by suh- 
stanus in the act of combining be conducted away, the combination 
must cease for want of the necessary amount of heat. The 
following experiments are given to teach the student this fact. 
He must remember what has been stated, that metals are good 
conductors of heat. 

■s -itilien the 
■way. 

302. Form a small metallic spiral (fig. 63), by twisting a piece 
of copper wire around a pencil ; if it he placed cold over the flame 
of a wax candle, the flame is extinguished, because the heat evolved 
by the combining substances is concluded away by the metal, and 
therefore the combination cea.ses for want of the necessary amount 
ofheat. The experiment must tie repeated, first heating the spiral 
lo redness in ihe flame of a spirit lamp, and ihen placing il over 
ihe flame. Under the circumstances, the flame is not extinguished, r,,^ 

424. Inflammable vapour cannot, for the same reason, pass 
through wire gauze in an ignited state, because the metal 
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conducts away a large portion of heat, and thus reduces tl 
temperaturft below the point at which combination can talli 
place between the elements of the vapour and the oxygen d 
the air ; the flame ceases therefore as the vapour passes throu| 
the orifices. 



303. Lay 3 piece of camphor 



e gauze, and kiodle 3 



its jiassage from the upper to ihe under surface of the gause, will be de- 
prived by the metal uf !0 much heat that, when it comes in contact with 
the air at the under surface, they will be unable, from the low lempeiatnie 
of the vapour, to enter inlo a state of combination. 

304. Place a piece of wire gauze over a jet from which coal ^ U 
issuing ; apply a light to the upper surface of the wire, when the gas will 
instantly take (ire. The metallic ganze may be raised an inch or liro 
above the jet from which the gas is issuing ; the gas above the gaiiic will 
continue to burn, whilst that below will remain unignited. 

425. Sir H. Davy beautifully applied this impenetrability 
of metallic gauze to ignited vapotir, in the construction of 
lamp for coal mines, which invention may be 
regarded as 'one of the happiest efforts of 
genius.' A gas composed of carbon and hydrog 
called by chemists methane, and by 
damp, often issues in considerable quantities fr 
the fissures in the coal-beds, and gradually ming 
with the atmosphere of the mine. This gas not 
burns in air, but they hkewise form, when mil 
together in certain proportions, a most exploar 
mixture, which on ignition detonates with \t 
violence. Davy attempted the task of funik 
some plan whereby the miner could carry a X\% 
1 the explosive atmosphere without causing 
to ignite, and thus prevent those terrib 
s which were the dread and destruction of the 
accomplished this apparently impossible task 
simply screwing on to the top of a common oil-lamp a cylin^ 
of wiie gauze (fig. 64), of about 1,500 orifices in the sqi 
inch. The lamp, with this addidon, can be carried 
inlo the mist explosive atmospheres; for although the 
cyhnder becomes filled with flarae, from the ignition of the cx- 
olostve atmosphere within the cage, yet the ex|^sive 
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— , .ihich is scarcely visible in ihe tlaylime, but is intensely hot. The 
'WuninE of the hydrogen is caused by its combining with the onygen of the 
Mniosphere, forming with it water : this is readily proved, for if a diy 
^ais vessel be held over Ihe burning gas, it becomes covered with drops of 
Waier, If a glass tube, about three feet long, an inch and a half wide, and 
open at both ends, be held over the flame, strange musical sounds will lie 
produced, the sharpness varying with the depression or elevation of the 
'ube. This phenomenon is produced by a series of small explouons, which 
succeed each other so rapidly that they produce a continuous sound. The 
explosive nature of a mixture of hydrogen and oxygen is better eidiibiled 
by Ming a seda-tualer hotlle two-thirds full of hydrogen and one-third full 
of laygen, and then inflaming the gases by applying a light lo the mouth of 
•he bottle ; the explosion is less violent if atmospheric air be used instead 
Dfpute oxygen. I If air be employed, five-sixths of it are required for one- 
^Xth of hydrogen ; but whether atmospheric aur or oxygen be used, it is 
rtquisile, before exploding the mixture, to wrap the Imttle in a. towel. 

319. Hydrogen is the lightest body in nature, being fourteen andahalf 
limes lighter than air, and sixteen times lighter than oxygen, TTiis pro- 
perly is pleasingly demonstrated by filling a small balloon of gold-beaters" 
skin with the gas, and allowing it to ascend in the lecture-room. The 
hydrt>gen ought not to pass direct from the generating vessel into the bal- 
loon; before entering the baUoon it ought to be made to traverse a tube 
"led loosely with fragments of quicUime, which will absorb any sulphuric 
' ' that may have been carried up by the gas, as well as arrest the moisture 
. h accompanies the gas. 

■320. Fill a soda-waler bottle with equal volumes of chlorine and hydro. 

I, an^ inflame the mixture by applying alight lo the mouth of the bottle, 

the explosion is more feeble than with oxygen and hydrogen, and the 

l^t is faint The compoand produced is hydrochloric acid. The acid 

nature of the compound may be demonstrated by appljing a piece of blue 

Hdnus paper lo the bottle. 

441. The hydrogen flame, the student will observe, 
develops little light, although there is a great evolution of 
heat ; indeed, the flame of a mixture of oxygen and hydrogen 
produces the most intense heat that can be obtained by chemical 

442. That a solid is necessirj for the evolution of light, 
is beautifully exemplifitd m the following wa} : — The combus- 
tion of a mixture of o\vgen and hjdrogen produces the most 
'■nfense heat that can be obtained b) chemical action, yet the 
'ight produced b> the combmation of the two gases is so small 
ls scarcely to be Msible If we place in this almost invisible 
lame a substance like lime, which will not melt, or undergo 

1 The student will see that Ihe difference between combustion and eiplosion 

ion the two sutjstances combine togelher by degrees, but in explosions Ihey arc 
>oUi intimately intermingled, and therefore can be made to combine insianui- 
Hsnisly. 
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any chemical change, a. hght so brightly luminous will be pro- 1 
duced as to rival in intensity the noon-day sun. This li 
is caused by the solid becoming luminous from being intensely I 
heated. 



443. The luminosity of the ordinary hydrogen fianie is ^ , 
greatly increased if a platinum wire coated with a little film ^ 
lime, which is obtained by burning upon the wire paper whldi 
has been immersed in a solution of calcium chloride, be intro- 
duced into the flame. 

444, Paper soaked in solution of calcium chloride an^ 
burnt in the flame of a spirit lamp, leaves a white network ( 
ashes, which, when held in the feeblest alcohol flame, emiB 
brilliant light. 

44s This method of introducing the solid matter which . 
to evolve the light, into the burning matter from which the ha 
proceeds, is one which is never employed for ordinary illumim 
tion. The principle upon which all practical methods of ill 
minalion proceeding from chemical action are founded is, tb) 
the heat-producing material and the imandescent solid both exE 
in the substances employed for illumination, and that tl 
burning of the former sets free the latter, yielding at the san 
time by combustion the necessary degree of heat to render 

446. All substances employed 2s, illuminating materials a 
compounds of carbon and hydrogen, and the flame produced! 
their combustion contains solid particles of carbon, which 
be proved by a very simple experiment. 

322. Introduce a cold body, such as a plale of melal, ( 
glass, at even a piece of card, into a ium' 




s flame ; it speedily 



re of ojygen and hydrogen requires great ea 

The eases ought to be c< ' " ' ' " ' ^^ 

jet; or it Ihey are contained in the same vessel, Ihe lube which conveys them ** 
the jet must be filled with small iron rods, so that in case the fianie were *^ 
recede, it would be cooled by the rods below the point at which combinMif" 
lilies place between the Iwo gases, so that by no possibility could the flar*** 
reach the gaseous mixture in the gas-holder ; for a miiture of the Iwo gase^* 
whpn ignited, explodeii with terrific violence. 
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ttion is sufficient to cause the iron and oxygen to combine. 

similar plan is adopted for kindling coal fires ; for coals, like 

other substances, require to be heated to a certain degree 

[fore they will burn. This is accomplished, as all know, by 

le use of the more readily combustible paper and wood. 

'.xperimenis shmving flow the heat necessary for combination to 
commence is sometimes generated. 

306. Coil a thin iron wiie round a alicl; so as to biiog it into a cork- 
(W shape, and then draw it off. Tip one end of the wire with sulphnr, 

K'nunersing it in melted brimstone, (he other end being fiied into a corli 
ch fits the mouth of the gas jar. The sulphur having tieen ignitetl, the 
il wire must be immediately inserted into ajar filled with oxygen gas, 
the cork is pressed into the mouth of the jar. The sulphur will burst 
foil flame ; the iron, thus becoming heated stroi^ly, is rapable of enter- 
into combination with the oxygen ; a brilliant light accompanies the 
>n, and the compound produced, an oxide of iron, falls dosvn in bril- 
t sparks. This experiment is an illustration of the statement made in 

ineceding page, that the combination of iron with oxygen is sometimes 

Mnded with an evolution of lioth light and heat. 

307. We will now make the same esperhnent, with the exception tbat 
stead of plunging the wire into oxygen gas, after the sulphur is ignited, 
? will allow it to remain in the air, to sec if the iron wire will burn in 

ail ; you see that after all the sulphur has enlcred into combination 
h the oxygen of the air the combustion ceases, no unioo taking place 
ween the iron and the oxygen of the air. 



429. Atmospheric air is merely a mixture of the gas oxygen, 
which the iron burned in Espt. 306, and nitrogen ; then why 

(rill not the iron bum as well in air as in oxygen gas ? Because 
e nitrogen, which does not enter into combination with the 
con (307), or contribute in anyway to the combination, absorbs 
e of the beat evolved by the coiiibination of the sulphur 
ind oxjgen, and thus reduces the temperature below the point 
t which combination will take place between the iron and 
oxygen. This gaseous body nitrogen acts with respect to the 
Jurning of iron in the air in the same way that the metallic 
Itpiral acted in Expt 302, and the wire gauze in Expt. 303. 
An example of the same kind the student will frequently have 
Been ; he will have seen, for instance, that when glowing coals 
irere placed on considerable masses of metal the combus- 
L was extinguished, simply because the metal conducted 
iway the necessary degree of heat which was required for their 
K>mbustion. 

430. By the non-com bust ion of iron in atmospheric air and 
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irfturn ;a(/Atirtn v> ttie face rfacat if :bfr TTrimiiiHii iu^ 
tw^» :*. rtAtiXiiKt *bat iu carimn and a; 

.urimezitr '.fae .aTgrsr poHmfe jiuuhul jc 
•iir *he aniAOiit of Ix|giic eroived. 
'.riraineri fmm :he -juiiiiui^ of pot 
tt *he ImmefLULie 'lombosnGii di :rte 
U*xf, *hc ^Atncs it my «iifi niarrer ia 
i.^ nw-fafiarT. aa ttc have previousiT 5t3ced. xr ihe iroiu- 
'iftu 'ti ^Ujnt. That iilmnirKinng araxezauia- iesive 'hex 
.1^1 from *he lepanirion of icir carbon, jud usat 'S'hes 
^ /. iiimt 'hat '.his :iepazatioii ioe> not rake piace. 
owin({ tr> rhe carrjrm '::)eizig buznt zanuxitaneoosiT with die 
nynrd^fin with vrhich it was uxiiced, little •» no ligiu viU 
:rf: ;^r^><iur«i, Ls very -iimpiyand very coociiEavely deniixi- 
;fr.itr:ft in rhe following way. Plaice over a gas jet a 
';himn«:y, or hollow qriinder, covered over at the top with 
f.;tr '/.;»u/i', r^ .liown in tijj. 65; when the gas — La. coal-gas — isnunedoo, 
tf I'../ I'll/ 1, w It hill the chimney, and mixes ^'ith atmospheric air bdoR 
11 t-,-irii/ ilif'iit^h I hi: ^aitz<:. On lighting it above the wire gauae, if tbetir 
iri'l \r.iA liiivr \^u:u M) proportirmed that its carbon and hydrogen aieooft- 
•i»M«/i .ii iiir ,'.t\\u: time, it win bum with a pale blue ftame of no moR 
ill«irnir>;Hm('. jiow«!r ihan that of pure hydrogen.' 

44Q. Wiicn the burning body does not exist as a gas natu- 
r.\\V/, or flo<:s not pass into the state of gas at the temperatme 
;jt whK.h it. fu'>mbines with the other body — oxygen in the air, for 

■ l'.uri^rn'-4 liiirnrr (fig. xc^) can be employed in place of this lamp for 

Uliisli.iliri^ \\\v principle stated. 
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psiance— the fire which accompanies the combustion appears 
', for it is necessary for the production of flame that the 
luining body should exist naturally in the state of gas, or be 
jBnverted into gas at or below the temperature at which com- 
ination takes place, otherwise no flame results. Well-bumed 
' arcoal, and also iron, burns with a steady glow, unattended 
pith flame, as these two elements do not volatilise at the tem- 
rature at which their combination takes place. Sulphur, 
F^osphorus, zinc, Ac, burn with flame, because they either 
1 exist naturally in the form of gas, or they pass into the gaseous 
I state at the temperature at which they enter into combina- 
tion. Flame is, in fact, produced whenever, by a sufficiently 
I elevated temperature, a continuous supply of vapour or gas is 
made to combine with oxygen or sorae other gaseous substance 
with which it comes in contact. Flame, then, is produced 
when two vaporous or gaseous substances enter into combina- 
tion, and the combination is attended with evolution of light 
and heat ; and as combination can only take place at the point 
of contact, it is the boundary line of the two gases ; hence the 
flame is hollow ; that it is hollow may be easily shown by holding 
a wooden match for a few seconds across the middle of the flame 
of a spirit-lamp with a large wick ; the match will become 
charred at the edge of the flame, but the intermediate portion 
wit! remain uninjured. 

450. We have learned, for light to be produced a solid body 
Must be present ; but a few remarks have yet to be made on 
|he production of heat by chemical combination. We learned 
I 'n Chapter II., that, according to the dynamical theory of heat, 
I WOtion and heat are convertible one into the other ; and that 
L the molecules of matter in each of the three states in which 
L ttatter can exist are, it is supposed, in a constant state of 
^^Dtiott ; therefore, the molecules of two different bodies must, 
H*C are led to suppose, rush together for their atoms to enter 
^pto chemical union, and this energy becomes converted by 
^0Qr union into heat. 

^V 451- A considerable diminution of temperature occurs in 

■F* vessel from which air escapes into a vacuum. Hence, as 

I the gaseous products of combustion increase in volume on the 

*toosphere becoming rarefied, the temperature of the flame 
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the atmospheric pressure decreases, thus causing the flametOil 
present a gradually increasitig surface of contact with the I 
exterior air. 

455- ^^ have already stated that the term con 
employed Co express chemical combination when attended wi 
an evolution of Jight as well as heat. It is not unusual il 
chemical books to call one of the combining substances ll 
combustible body, and the other combining substance the inco*- \ 
bustibh body, or the supporUrof combustion; thus, in the combina- 1 
tion of phosphorus with oxygen the phosphorus wouldbe calleil 
the combustible body, and the oxygen the supporter of combu 
tion. We have to prove that these terms are inappropriate, a 
for this purpose we will commence with the folio win gexperima 
Experiments prm'ing the incorrectness nf calling some substenA 
combustible, andothers supporters of combustion, 

324. Place a piece of sulphur in a long test-tube or flask ofhardgli 
heat Ihe vessel by means of a lump until the sulphur melts, and Ihe W 
has become filled with its vapour. Introduce a luiriow strip of tinfoil mit' 
the sulphur atmosphere ; the metal will instantly inflame, a compound of 
tin and sulphur bdne fonned. The experiment may be varied by employ- 
ing, instead of the tinfoil, a narrow strip of sheet lead, the combinatioa 
being aUended with evolution of heat and light. If very thin iron ukJ 
copper wires be twisted into a coil and introduced into an atmosphere of 
sulphur, they will likewise combine with that metalloid, the combinatioB 
being attended with evolution of heal and light. 

456- The burning of sulphur in oxygen gas, or of tinfoil in. 
sulphur vapour, proves the incorrectness of calling some sub- 
stances combustible, and others supporters of combustion ; for in 
the first of these experiments we should have to call the sulphur 
the combustible substance, whilst in the latter it would be the 
supporter of combustion. The fact is, that combustion, like 
all other examples of chemical combination, is really a re- 
ciprocal phenomenon, each body, in popular phraseology, burn- 
ing, or, in chemical language, combining with the other body ; 
and the heat and light, are derived from the combination. 
Oxygen is as capable, for example, of being burnt in an atmo- 
sphere of hydrogen or coal-gas^as these substances are in one o^ 
or containing, oxygen. If our atmosphere, for instance, had 
consisted of coal-gas, we might then have burnt oxygen, just 
as we now bum coal-gas, for the purposes of light and heat. 
The experiment of burning the oxygen of atmospheric air in 
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K atmosphere of coal-gas may be performed in the following 



^ 325. Fill a bell-jar, that is fitted with a stopcock, with atmospheric 
presB il down in water, and open the jet. Bring over the jet a small 
fe of coal-gas. Just when the mouth of the Ixittle is in contact with 

fejet, apply a light. Immeiiialely depress the bottle so as to bring the 



sphere ofcc 

457' I*ut 'lie learner will find it stated in many chemical 

rks that this or that substance is not a supporter of corn- 
He will find it stated in such works that hydrogen 

a combustible substance, but not a supporter of combustion ; 
proof of the last assertion, the fact that a lighted taper is 

inguished when immersed in an atmosphere of hydrogen or 
-gas is adduced. Now, it would be quite as correct to say 
oxygen is not a supporter of combustion, because carbon 
_ ixide cannot be made to burn in an atmosphere of that gas. 
'Utine element, B, has already combined with another element, 
A. in the largest quantity it is capable of uniting with it, the 
■Suiting compound cannot, of course, unite with a still further 
quantity of the element, A. Hence paraffin cannot burn in 
hydrogen, or carbon dioxide in oxygen ; the first, paraffin, 
"^"ig a compound of carbon and hydrogen, cannot unite with 
^'"r-ther quantity of the latter element ; for the same reason, 
•^foon dioxide, being a compound of carbon and oxygen, cannot 
'^^^^ -vi'x'Cn s. further quantity o{^hQ latter element. To say that 
^1 element is not a supporter of combustion is to say that it 
cannot enter into chemical combination with any other substance, 
"iiich is incorrect, as every element can combine, eitli^r directly 
Of indirectly, with some of the other elements, if not with all. 

458. The difference in colour different substances impart to 
a flame will be described in the second part. 

459. We will now briefly summarise some of the leatiing 
differences between the action of the chemical force and that 
of cohesion. Like cohesion it acts only at immeasurably small 
distances ; but it differs from that force by causing dissimilar 
substances to unite, and they can unite only in certain definite 

^nd invariable proportions by weight : physical changes also 
its action, chemical compounds having totally different 
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physical properties to those of their constituents. Chemical 
combination is also attended with an evolution of heat, some- 
times amounting, we have seen, to vivid combustion ; and 
chemical decomposition is attended with an absorption of heat 
The fonnation and resolution of chemical compounds are also 
attended with changes in the electrical state of their elements. 
The following exercises must now be answered by the 
student either Hrd voce or m writing. 

Examination Questions. 

326. What is the difference between a mere mixture of substances and 
a chemical compound ? 

327. What is the burning of phosphorus, of carbon, of sulphur, of 
h}-vlrogen in the air due to ? " 

328. State some of the changes which characterise the chemical union 
of iKHiies. 

329. Name some of the elements which combine at the ordinary tem- 
perature of the atmosphere, and name some which require a higher tem- 
perature for their combination. 

33a Name some of the terms employed in ordinary language to express 
the combination of substances. . 

331. State some of the conditions necessary for the combination of 
phosphorus and oxygen, of phosphorus and chlorine, and the phenomena 
which accompany the combinations, and the properties of the compounds 
prvxluced. ] 

332. State the effects which intense heat has upon solid and gaseous 
Ixxlies, and give examples. 

333. Explain the points of difference and agreement between the 
forces of cohesion and affinity. 

334. Name some of the conditions necessary for the combination of 
antimony and chlorine, and of sulphur and oxygen, and the phenomena 
which accompany the combinations, and the properties of the compounds 
proiluceil. 

335. Why do substances burn more vividly in pure oxygen than they 
do in atmospheric air ? 

330. What is steam ? Is it an element or a compound ; and can U 
unite with oxygen ? ^ 

337. Upon what facts depends the possibility of artificial illumination • 

338. W hat is necessar}' for the production of flame ? 

339. Do all the elements unite with equal facility ? Support your opinio" 
by examples. 

340. Of what elements are all materials employed for illumination confl* 
posed, and what changes do they undergo when burned in the air? 

341. Explain the flame of a candle. 

342. Explain very fully the principles on which Davy's Safety Lamp ^^ 
constructed. 

343. Do the light and heat emitted by burning lx)dies l)ear any pr^' 
portion to each other ? Confirm the opinion expressed by examples. 

344. Supposing a space to l^e filled with pure coal-gas, would the g^^ 
explode on the introduction of a lighted candle ? What are the condition^ 
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7 ta Bn Explosion of ihegas, and what arc the chemical products of 
: explosion I 

3+5- Two substances are brought together j by what phenomena would 
u know whether chemical action takes place between Ihem ? 

346. Yon now know what compound is fornied when phosphorus is 
mel in air or oxygen ; anil also what compound is formed when hydro- 

is burned in either of these gaseous substances. What compound or 
pounds would you infer would 1w formed when phosphurelled hydro- 
a (PH.) was burned in air or oxygen T 

347. What are the condiliona necessary for light to be produced in 
emical combination? 

348. Explain why coal-gas bums quietly when it issues from a gas- 
mer ; whilst a mixture of air and coal-gas explodes on lieing lighted f 

349. To what are effervescence and explosion due ; and stale the dif- 
■ence between the two? 

35a When 3. compoiuid of carbon and hydrogen is burnt in a deficient 
ppl; of air, what is the result ? 
351. A colli plate held above the flame of a candle is bedewed with 
e, and if held in the flame it is covered with soot : explain these 
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the letters B and E, viz. be and bee ; and other exam (ties «8 1 
at once recur to the student. In like manner, for emnqk I 
there are two compounds of carbon and oxygen, va. caiico I 
monoxide, the symbol for which is CO, and carbon dicoide, J 
which, for the present, we will represent by the symbol COO; T 
this latter compound, it will be seen from the symbol, oonoii 
double the quantity of osjgen the former contains. 

Exptrimtnfs en the combination of a compound -with ad^em 
guanlity oj one of its elements. 

355. Place in a lest-lube some ciyslals of oxalic acM, add to tbcmn 
slTwigsulphaHc acid, and then wami the tube in the (Uune ofa Lamp. J 
soon as eflervescence commences, apply a piece of lighted papa,**' 
^linler or wood, lo the mouth of the lube, until ihe evolved {^laksfacl 
it bums with a blue flame. The gas is the coropound catboii'inonoj3de(C0f 
ve have already alluded to ; the heal and light aie occasitmed \n'' 
(lining with some of Ihe osygen of the air, and forming with it 
dioxide (COO). 

461. When a compound contains more proportions than 
of one or more of its elements, instead of repeating thesymW 
in order to indicate the number of proportions, cheim!is 
attach a figure to the symbol of the element, or elements, 
dicaie the number of proportions. The use of the figures 
connection with the sjmbols can be rendered more intel 
perhaps, if we employ our former illustration ; the words 
and ' too ' differ in their orthography, inasmuch as the 
word ha=i one of the letters repeated. From habit we 
upon this way of repeating a letter as the only rational one, 
it might be rendered equally intelligible if, instead of repeatiqf 
the letter, we were to place the figure a after it in the foUowiig 
manner, tOj. This method chemists employ : thus, for in- 
stance, instead of representing carbon dioxide by the svmW 
COO, they represent it thus— CO,. We shall hereafter adopt 
this method for indicating the different proportions of an ele- 
ment or elements in a compound when they are present in 
more proportions than one. 

356. Put into a VToqlfe's bottle 01 flask a few small pieces of md^ 
copper (copper tnrnir^), and add to the metal, by means of the bcncl- 
inbe, equal parts of nitric aciil and water ; eHenrescence, wilboiil i 
application of heal, will inslanlly ensue. On the first erolation of ihejl 
Ibe botllc will be Ailed with reddish fumes ; when they have oeaHypi 
awaj, the ^is may be collected 1^ dipping the exit tube under tbe d 
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I m gas jar or wide-mouthed botlle, which is filled wilh water, and stand- 
Ig inverted on the shelf of ihe pneumatic trough. This gas is a com- 
cpund of nitrogen and oxygen, and is called nilri^en dioxide (NO). 

357. Pass rapidly into ajar half full of this nitrogen dioxide (the vessel 
ontBlning It being inverled on the shelf of the pneumalic trough) a quantity 
Tox^n ; as soon as the two gases are brought together, the jar will he 
islantly filled with an orange-red gas, which is very soluble in walcr ; this 
iquid will therefore rapidly ascend in the vessel by dissolving the new- 
Jrmed gas. The oxygen and nitrogen dioxide unite together, and the 
otnpinind produced is this orange -coloured substance named nitrogen 
HttEiidc (NOj). This experiment furnishes a striking example of the dif- 
nence belween a mere mixture of substances and a chemical combination, 
f the ox^en and nilr^en dioxide had merely mixed, and not chemically 
niled, these two colourless gases, in whatever proportions they were mixed, 
MJtild never have become coloured ; neither would the mere mixture of two 
lases iuH)luble in water render both of them soluble in that liquid. 

358. The experiment may be made in the following manner ;:— Fill a 
u^ jar with nitn^en dioxide, remove it from the pneumatic trough, and 
XpoEe it with its mouth upwards to the air ; the compound will instantly 
OTnbine with some of Ihe oxygen of the air, and become converted ii ' 



IS experiment. 

462. These experiments prove that some compounds have 
he power of uniting with another quantity of one of their con- 
itituents ; thus carbon monoxide can combine with another 
ilUantity of oxygen, which converts it into another compound, 
viz. carbon dioxide ; in like manner, carbon dioxide can unite 
with another quantity of carbon and by that union becomes 
converted into carbon monoxide. This interesting chemical 
action we frequently witness. The blue flame which is fre- 
quently seen on the surface of coal fires, and which is seen 
issuing from lirae-kilns and iron furnaces, is occasioned by the 
Mibon monoxide combining with some of the oxygen of the 
air, carbon dioxide being formed, as in Experiment 355. The 
combination is produced in our fires in the following way ; the 
air being in excess at the bottom of the grate, the oxygen unites 
with the carbon in its highest quantity, forming carbon dioxide ; 
as this gas ascends up through the red-hot fuel it gives up 
one half its o\jgen to another portion of carbon ; the carbon 
dioxide IS thus reduced to carbon monoxide ; and carbon 
monoxide is also formed by the union of another portion of 
Carbon with the oxygen given up by the dioxide. ^Vhen the 
Carbon monoxide reaches the surface of the fire it combines 
with some of the ovjgen of the air, and becomes converted 
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into the dioxide, and the blue flame is the effect of the coio- 1 
bi nation. 

463. Nitrogen dioxide cannot combine with oxygen if to I 
element be already in a state of chemical combinaEion ; it c^ I 
only appropriate it when it is uncombined ; in other «tord& I 
when it is in a pure state or is one of a mere mixtnn 
As it can abstract oxygen from the atmosphere, we conclude, I 
from this and other facts, that the atmosphere is not a (hernial I 
compmind, but a mere mixture of ovygen and nitrogen.' 

464. But some compounds can either combine with anotira I 
proportion of one of their constituents or with some otbei 1 
element Example : Carbon monoxide can take up an addi- I 
tional quantity of oxygen, which converts it into carbon di- 
oxide ; likewise if carbon monoxide and chlorine be mixed 
together, they combine, a compound called carbon oxychlo- 
ride being formed. Sulphur dioxide (SO,) (the compound 
produced by burning sulphur in oxygen) can combine, under 
certain circumstances, with another proportion of oxygen, 
which converts it into another compound, named sulphur tri-- 
oxide (SOjl ; sulphur dioxide can also take, in the place of lhi»> 
additional proportion of oxygen, a quantity of chlorine, another" 
compound being formed. 

465. There are some elements which can combine both 
at ordinary and higher temperatures ; different compound>' 
being produced at the different temperatures ; when this is the 
case, the lower combination is attended with little or no evolu.-' 
tion of light, and the amount of heat developed is less thai 
that produced by the higher combination. Example : Potas-J 
sium combines at common temperatures with oxygen, forming 
potassium monoxide (K.,0) ; but when heated it bums witM 
flame, and combines with four times as much oxygen. When 

I Oneuf the most convindngproofs thai the riiris amixliire ofihese gascjil 
the manner in which the air behaves with water. If the air were i ' 

the oxygen and nilrogen would he dissolved hy the water in the same p] 
tions as they exist in air, which ia not Ihe case. If, on the contrary, air it 01 
a Eiiople mixture of these two gases, and as they are not equally soluble 
Wftler, the composition of the dissolved gases in the water will be diOcrentfK ^^ 
that of the air. which is thecase. Anotherproof is, that if oxygen and nitroga 
re mixed in the proportion constituting the air. we obtain a gaseous tt ' 
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phorus is exposed to the air, it always appears to emit a 
sh smoke, which in the dark is luminous. This effect is 
:o a slow combination of the phosphorus with the oxygen 
le air, forming with it phosphorus trioxide (P2O3) ; \£ 
phorus be heated, it bursts, as we have seen, into a bril- 
flame, phosphorus pentoxide (P2O5) being produced, 
h contains two-thirds more oxygen than phosphorus 
ide. 

66. Having shown, by a number of examples and experi- 
Sj that many elements can combine in more proportions 

one, it m^t be expected that the theory by which 
lists attempt to explain these and like facts would be 
d ; but we think it better to here teach the student the 
that many elements can combine in more proportions than 
firing rise to as many different compounds^ and explain the 
ry in the next dbaLTp^er. 

67. We have compared in this diapCer simple substances 
ements to letters, and compound substances to words. This 
nation may be carried still fvalhtrr ; there are^ as we all 
r, words having diflerent functions, as noon, rerb^ tkc^ and 
ave IK7W to learn that diStrtnt rhtmy^ ^y/mpfjand* possess 
rent functions. 

|6& The student wiU j»t hare ialltd 1/j ivA^jt m *Jht 
iples and exptmoems that hare !>«rr, iprtn^ ihat iht coro- 
ids formed br tie unic« of ^/xrzen wjth <^jer elements were 
d oxides ; thk k tfue igesitsal terr» if/i isryJh tfrnr^r^nisL 
' manr of t3ae oiiie% ^A Xzjt ^r^eta^ Jatre »fjat arr*: *jcntii^ 
prr^fomisk : trjcj are tbcre^^e tem&^d ^cftic oxide;. Ttjt 
es K^ the jiooffl^Jal* >.are pe^r/sstiK^ t^^t -Jerj ^/-///^j:^ ^/ 

f J. Here 2j t2«: y^'^i^ y:!^Jt 9j! y/:ffi6w, vs? t/v tl'^e ^t^iesiC 
eaaax^I o«asrjtir>r. bejrweer. a r^yrx-susta^ arxi a sveiai ; i!2ut 

69. Tr**: vwseri 9xrcLir.% *a*'Jhr -vf :lvesi*5 ''Jaf^se? ^c^mosae 
t al 317 va^^an VAn^. ha^s^ w:tAe539ei»J : k :•? :5ve 4shext% 'jf 
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lime. Lime (CaO) \% a basic oxide, and by adding vrate 
it there results the formation of tlie hydroxide (CaH,Oi}|iii 
ordinary language called slaked lime. The combination of ik 
water (H^O) and the lime being attended with a great develop-l 
ment of heat, a quantity of the water that has not combined i!~ 
expelled in the form of steam. The compounds formed bylkeB 
union of the acid oxides, or as they are also termed acid-forvxt^k 
oxides, with water are termed acids. Bases turn paper stainedj 
with turmeric brown in colour, and they turn red litr 
blue. Acids do not affect the colour of turmeric paper, but ihqi 
redden blue litmus paper. ' Acids possess, as we know from thE| 
taste of vinegar (acetic acid), a sour taste. Bases and a 
possess also the property of uniting with each other, a new di 
of compounds being formed, which are noticed in the neit^ 



470' In ordinary language we call some substances w//i 
thus we speak of Epsom salts, common or table salt, saltpetre 
and Glauber's salt ; these are salts, but there are many mor 
known salts than these, for all the compounds formed by the 
union of acids and bases are termed salts ; and when the salt 
formed does notcAow^etheco&Krofi/Keor /-eif litmus paper, di 
acid and base composing it are said to have rieutralistd ai& 
other. 

47l. There is another class of compound substances ; tbes 
compounds have neither acid nor basic properties, nor hart 
they the composition of salts ; we distinguish them by the tern 
indifferent bodies. 

The student will have learned from what has been stall 
that compound substances can unite with each other. 

Experiments on the combination of titio compound subs/aiueh' 
359. Take two fiasks ; place in one of ihem one ounce of a solulwq J 
ammonia, anci in Ihe other an equal quantity of hydrochloric acidj fit 
narrow straight tube to each of the flasks, by means of a perfonOed Cdd 
place them upon retort-stands, and adjust two bottles or flasks in t 
way that the tubes may ascend into them; then boil Ihe liquid in bodi' 

' The turmeric paper and blue and red litmus paper are called test p 
they can be bought at a triHing cost at any operative chemist's. There 1 
other lest papers besides these, but these are sufficient for ordinary purport 
The teacher ought to show his class the action of acids and bases on l' 



FnH.lfATlON OP Sjf.TS 211 

for a few niinule». Ammonia and hydrochloric acid sse eascous bodies, 
and lighler ihan atmospheric air; conseiiuenlly when their solutions are 
boileil they escape and collect in the bottles ; if the moutha of the two 
vessels be btoughl together after they are filled with the gaseous compounds, 
the gaseii will combine and form a solid substance, a salt called am 
chloride. 

360. Add some dilute Eulpbniic acid to a dilute solution of a 
in such '[uantity that the solution, after the addition, has no action on hlue 
or red litmus paper, which proves Ihal the acid and base have united and 
formed a salt that has no action on lest papers ; the acid and base have 
therefore neutra.lised each other.' 

472. Salts are capable of uniting with each othur, thus 
forming more complex compounds. 

473. We will give a few more experimental exercises, some 
of them illustrating what has already been stated, but in a some- 
what different manner. 

474. The more opposite substances are in properties the 
greater is their tendency to unite together ; for example, acids 
and bases always unite when brought together, and acids 
dissolve the metals forming with them salts. 

Experiments illustrating the action of Acids on Metals. 

361. Add some nitric acid to some copper filings; the copper will be 
' dissolved, the acid and the metal combining together ; the solution of the 

(compound, a copper salt, will be of a beautiful blue colour. 
362. Add some dilute sulphuric acid to some iron filings ; the iron wil. 
be dissolved, the acid and the metal comlnning together, and forming an 
irou salt. 

475. These experiments are also examples that the com- 
pound formed by the union of two or more substances possesses 
properties perfectly (different from those of its constituents. If, 
for example, the blue liquid which has been produced by the 
action of nitric acid on the copper were evaporated to dryness, 
we should obtain this blue crystalline substance^; or, if we 
evaporated the solution we have obtained by acting on iron 
with sulphuric acid, we should obtain this green-coloured salt. 
Now what relation or resemblance is there between the copper 
and the nitric acid and this blue crystalline solid ; or between 

' Wbai are lermud stnndard soluti 
It ihc operative chemist's 
B togeilier, the acid and 
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this green cr>-stalline solid and the sulphuric acid a 
We learn from these examples that there is no resembiMM 
between the properties of a compound and those of its coo- 
stituents. The properties of a compound cannot be prtM^ 
either from a knowledge of tfie properties of its amsiitutids^tt 
from any ot/ier source. I 

476. As chemical affinity is a molecular force it acts Oll|r| 
at insensible distances. For substances to combine, it is nrcfw 
sary, therefore, that they should be in intimate contact, »] 
separated only by immeasurably small distances. On di 
account the solid state is less favourable to chemical 31 
than the fluid state ; for in the soiid state the particles of m 
like bodies cannot be brought into that close proximity wllk 
is essential for the development of their mutual affinities. 1 
following exercises are given to teach the student the fact A 
solid bodies can rarely be made to combine by merely to 
them together, but if they are brought into a state of s(rf« 
combination will at once take place if the substances ) 
capable of entering into combination. 

Experiment illustrating that the solid state is less fcnvHrdA 
chemical action than the fluid state. 

363. Milt li^etherin amorlar some tartaric acid and sodigmci 
each in the Btale of dry powder. No chemical action will take A 
long as they lemain in the solid state, no matter how long [hqr w 
together. After being well mixed, dissolve the powder ~ -~ 
instantly chemical action takes place (proved by the eSeTve 
in solution the substances are brought into more intimate contict i 

4.77. Another peculiarity of the chemical force is B 
is exerted between different kinds of matter with ( ' 
degrees of force. Nitric acid, for instance, will ( 
combine with most of the metals ; it oxidises and ni 
instance, with silver, mercury, copper, lead, and ina^l 
unites with these metals with very different degrees of irt 
with silver the combination is less powerful than witb d 
with mercuT>- less powerful than with copper ; with o 
powerful than with lead ; and with lead less powerfiil A 
iron. 

Experiment on the relative intensity of e^iA, 

364. place apieceiirmetBlbc iron in a solution of cupriBil 
"■"''■ of the copper salt in half a pint of — "^^ 
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Ihe copper, and combine with the iron, forniinc with it 
• •uua ui^uLc i the metallic copper set free will be precipitsted on the 
Jrlion ol the metallic iron which remains uncombiDcd. 

Exatnination Questions. 

365. Explain what is meant hy chemical action, and give some illu5tra- 
'e examples. 

366. What paii does air take in the process of combustion f 

367. If sulphur were heated in a vacuum, would it bum, or would it 
idetE" 3"y change ! 

368. When an element is consumed is there any gain or loss in weight I 

369. Would any difference in the intensity of the light be obtained by 
ipplying heated air to a gas-flame in place of cold air ! 

37C3. Why should the breath appear visible in cold weather and not at 
iter limes! From its appearing visible, what element or compound 
Duld yon infer is one of the substances in the respired air ? 

37J. Two powders are given you: one is a mechanical mixture, the 
her a chemical combination of sulphur and iron. In what respects 
Duld the two powders differ, and how could you prove that the mechani- 
lI mixture was not a chemical compound ! 

372. Give some proof that the air is a mixture, and not a chemical 
impound. 

373. Describe the properties of an acid. 

374. Can more compounds than one be formed nut of the same ele- 
ents f 

375. Why will not carbon dioxide hum in air ! 

376. Describe the properties of a base. 

377. What causes the blue flame which is frequently seen on the sur- 
ce of coal-fires? 

37S. When ace acids and bases said to have neutralised each other ! 
"(79. Why will not water bum in air ! 

■" 1. Ate the substances produced on burning a given weight of coal, 
lighter, or heavier in weight than the coal itself ! ' 



PfTS- In giving a brief description of the properties of the 
lore commonly occurring elements, and the method for ex- 
acting them from their compounds, we will treat the two 
[visions — non-metals and metals — apart ; and we will com- 
lence with the first division. 

479. Hydrogen. — This element is met with in nature in the 
ee state in small quantities — it is one of a mixture of gases in 
irtain volcanic emanations ; it is given off from some of the 
il-wells ; it has also been found occluded in meteoric iron ; 
nd it is evolved during fermentation, and in the decay and 
ecomposition of organic substances. But it occurs almost 
Qtirely in a state of combination ; water is one of its most 

1 The rut of ihtehapttrmuH it pa^!tdir::tr for the f resent: the student unit 
I Uncted luhea to return ta it. 
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n po tan ompounds, and it is a constituent of neariy all 
n n 1 nd vegetable substances. It can be obtained, as has 
be n h wn (Experiment 400), by electrolysing water; this is 
n f h best methods for obtaining it in a pure state. We 
have learned that Na and K set it free from HjO at ordinaij 
temperatures: Li, Ba, Sr, and Ca likewise set it free from H,0 
under the same conditions. Several of the other metals set it 
free at higher temperatures, the H.^0 being passed over ihem 
in the state of steam, an anhydrous oxide of the metal being 
formed. Examples ; Mg, Zn, Cd (monoxides of these meials 
being formed), and Fe, in the latter case a complex oade, 
ferrosoferric oxide, FcaO,, is formed. It is usually obtained 
by the action of H^SO^ or HCl on Zn, or on Fe (see note 
page 183), but there are numerous other metals, the alkaline, 
and alkaline earth, metals, also Al, Cd, S:c., which displace the 
H in these acids. Zn, we have learned, can displace the H 
in KHO, or NaHO ; and Al sets free H from solutions of 
the alkalies, with probably the formation of a similar Al com- 
pound to that of the Zn one. With regard to its properties we 
have learned that it is the lightest body in nature. It com- 
bines with O at ordinary temperatures if the two elements are 
brought together in the nascent state ; and they combine to- 
gether at the ordinary temperature when not in the nasceM 
state by the action of the metal Pt, which by condensing them 
brings them sufficiently in contact for chemical union to lalK 
place ; this is called surface action , a kind of action the student 
has not yet been made acquainted with as regards gaseous com- 
binations. Under no other conditions, as far as is koown, does 
chemical union take place between H and O at ordinary tem- 
peratures; but at higher temperatures, we have learned, COmbBl' 
ation invariably takes place between them, and we have become 
acquainted with the phenomena which accompany the union. 

480. Oxygen. — We are already aware that this element e 
present in the free state in the air ; and we have also learned 
that it is the element which exists in the largest quantity, and 
is the most extensively diffused, in our planet. \ 
learned how to extract it from several of its compounds 
Chapter XIV. ; and also in note page 174, the method usi 
adopted for obtaining it for lecture purposes ; bl)fwe will 
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tte two others, as we can by these methods obtain it from the 
mosphere. (i) If air is passed over UaO when heated to a 
V red heat, it combines with O, fonning BaO^; at a bright 
3 heat the latter compound is decomposed into BaO andO ; 
is an example that the temperature required for combina- 
n and that required for decomposition are not in some cases 
r apart. (2) If sodium or potassium manganate, Na^MnO,, 
■ heated in a current of steam it parts with some of its oxygen, 
jUHO, and Mn^Oj being formed : after the O has been 
wilved the current of steam is discontinued and air is passed 
; the manganate is again formed. By this and the pre- 
aiing process it will be seen O and N can be alternately ob- 
ined from the air. We learn from these two processes that 
^ can be abstracted from the air and then given up over and 
r again by the same portion of substance. It has been 
mbined, as we have learned, with all the elements but F; 
e have learned also that its combinations at high temperatures 
e not only attended with an evolution of heat but also of light; 
ipd that it is the gaseous body in the air that causes our fuel 
^d light-producing substances to burn ; it also causes metals 
) rust, and dead animal and vegetable matter to decay, by 
sidising them. The respiration in animals is analogous 
9 the burning of fuel ; the oxygen inspired oxidises the juam- 
fui animal matter, converting its carbon into COt and its 
hydrogen into H5O, which are expired ; and the oxidation of 
these elements in the body, as their oxidation in the fire- 
place, is attended with an evolution of heat. 

481. There is an allotropic modification of oxygen called 
tizone ; It is one of the most powerful oxidising agents known, 
more powerful than ordinary oxygen ; hence it oxidises bodies at 
ordinary temperatures, which only enter into union with ordi- 
nary oxygen at high temperatures. It is a colourless gas, with 
a; peculiar odour, which has been compared to that of very 
dilute chlorine. Its molecular formula is O3, three volumes 
of ordinary oxygen being condensed to two volumes in its 
formation. It is present in very minute quantities in the air, 
but it is only in the air of the country, and especially in that 
over the sea, that it is most constantly met with : in the air of 
ton-ns It is almost always absent, owing 10 the quantity of 
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oxidisable malter in the atmosphere. The usual method e 
ployed for delecting it in the air is by exposing paper moistened 
with a mixture of starch and KI; it sets free the I, which turns 
the starch blue ; the following is its action upon KI : 
2KI + 03+HaO=2KOH + I,+Os. 

This test recjuires to be employed with caje as there are fre- 
quently present in the atmosphere other substances which 
colour the paper blue. Ordinary oxygen can be converted 
into ozone, but as yet only very small quantities have been 
so transformed. Ozone can be obtained in small quantities 
by one of the three following methods : ' (r) It is evolved at 
the positive pole in the electrolysis of acidulated water. (2) It 
is obtained by the slow oxidation of phosphorus in the air. (3) 
It is formed by the discharge from an electrical machine 
through air or through oxygen.' It is not only converted into 
ordinary oxygen by heat, but even at ordinary temperatures it 
gradually changes into oxygen. 

482. Chlorine. Bromine. Iodine, Fluorine. — These ele- 
ments belong to one group. As it is as yet uncertain whether 
F has been obtained in the free state, we shall confine our 
remarks to the other three ; not one of the three has been met 
with in nature in the free state. We are already acquainted 
with some of their physical, as well as their chemical, projieriies ; 
we know that under ordinary conditions CI is a greenish-yellow 
coloured gas, Br is a dark brown coloured liquid, and I is a 
solid of a blackish-grey colour and having a kind of metallic 
lustre. Common salt (NaCl)is the best known and most widely 
distributed compound of CI. It may be obtained direct from 
NaCl as described in note, page 175; but it is more generally 
obtained by first obtaining HCl from NaCl (Ex. 644) then CI 
from HCl (Ex. 670). I exists in combination with NaK, or 
Mg in small quantities in sea-water ; it is also present in certain 
seaweeds, from the ash of which it is commercially extracted ; 
it is also found along with Chili saltpetre (NaNOj,) ; from the 
mother liquor of this salt it is also commercially extracted. 
The usual miithod adopted on the manufacturing scale is that 
given in Ex. 721. Br is present in small quantities in sea-water 
as a bromide : also in some sea-weeds from the ash of which ii 
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k extracted by the same process as that adopted for the ex- 
iction of 1. It is also present in the potash-beds of Stassfiiith, 
lin mineral springs in America in quantities sufficient 
9 make its extraction commercially profitable. 

483. Sulphur. — This element is met with in large quantities 
^ the free state in volcanic districts ; but in a state of combi- 

ition it occurs in much larger quantities, and is much more 
idely distributed. The two most extensive classes of sulphur 
nmpounds are the sulphides and the sulphates ; the common 
res of Cu, Pb, and Zn are sulphides, and there is a sulphur 
e of iron, iron pyrites, FeSj, which is extensively employed 
■ converting, by roasting the ore, the S into SOj for the 
inufacture of sulphuric acid. The principal natural sulphates 
2 those of Ca, Ba, Mg, Na, and Fe, Various sulphur com- 
(ounds exist in the vegetable and animal world. Although it 
kists in large quantities in the free state in some countries, 
TeSj is submitted to destructive distillation for the purpose of 
obtaining it, thus— 

jFeSj = V&Si + S.J. 

It is also obtained in the purification of coal-gas. It occurs in 
three forms in commerce, viz., roll sulphur or brimstone, 
flowers of sulphur, and milk of sulphur. The latter is obtained 
by decomposing a polysujphide of calcium with HCl ; in this 
form it is in a very finely divided state, is of a white colour, 
and is used as a medicine. This element exists in several 
allotropic modifications, 

484. Fliosphorus.—'VWis element does not exist in the free 
state of nature : it is very widely distributed, especially in com- 
bination with and Ca, as calcium phosphate. This salt forms 
the chief inorganic constituent of the bones of animals, and 
it is from bones that P is obtained. The bones being freed 
from the organic matter and in the form of ash are treated with 
sufficient sulphuric acid to form an acid phosphate ; 

Ca3(P0Jj -I- 3HaS0j = CaH,(P04)2 + aCaSO^ 

I The solution of the acid phosphate is poured off from the insolu- 

' ' e CaSO, ; the solution is evaporated to a syrupy consistence ; 

% is then mixed with a sufficient amount of charcoal, evapo- 

ted to dryness, and afterwards gradually heated to full redness 
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in an appropriate vessel : two-thirds of the phosphorus distils 
over, and is condensed by the water contained in the receiving 
vessel. The operation may be regarded as consisting of two 
stages: — ist, the conversion of the acid phosphate into calcium 
metaphosphate ; ind, the selling free of the phosphorus :— 
(i). CaHi (PO,)j = CaaPOg -(- 2H2O. 
(2). 3(Ca2PO,) + ioC= P, + CaafPO,)^ + loCO. 

We have learned that P unites with O at ordinary as well as 
high temperatures ; but there is an allotropic modification of 
the element called red phosphorus from its colour, which does 
not combine with at a temperature lower than 240° C. It is 
produced when ordinary phosphorus is heated, in an atmosphere 
of COa or H, to a temperature of 240° C. for some time. 

4S5- Nitrogm.—'WA is one of the two gaseous elements in 
the free state in the atmosphere, and it forms four-fifths of the 
bulk of the air ; it also occurs in combination in ammonia, 
nitric acid, and other bodies, and is a constituent of many 
animal and vegetable substances. We have learned how it 
may be obtained from the air ; it may also be obtained by 
heating a concentrated solution of ammonium nitrate. This 
element is distinguished by its inactive properties; it combines 
directly with but few of the elements, and it is difficult, we 
have learned, to make it combine even with these few ; but it 
combines indirectly with a large number of the elements. 

486- Arsenic. — The substance which popularly is called 
arsenic is not the element, as we have before slated, but 
As-iOg ; the element is of a steel-grey colour. It is widely dis- 
tributed in nature; it occurs both in the free state and in 
combination with various metals. It is obtained by heatir^ 
arsenical pyrites (Fe-jS^As); the As is expelled and the S and Fe 
remain combined ; it is also obtained by heating AsjOj with 
carbon. A small quantity of it is added to the lead in the 
manufacture of shot, as it causes that metal to assume more 
readily the spherical form and it also renders it harder. 

487. Carbon. — This element is met with, as before pointed 
out, in three different modifications, viz., as the diamond, as 
graphite (black-lead), and in the form of charcoal, lamp-black, 
bone or ivory black, soot, &c. If we can consider some of the 
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elements more important than the rest, carbon is a most impor- 
tant one : all organic substantes, whether animal or vegetable, 
are compounds of carbon; hence organic chemistry, or that de- 
partment of chemistry treating of organic substances, has been 
defined as the chemistry of carbon compounds Although all 
organic substances contain carbon, allcarbon compounds cannot 
be classed as organic substances. From what has been stated, 
the student will not be surprised on being told that the com- 
pounds of this element exceed those of any of the others both 
in number and variety. It only combines directly with a few 
of the elements. When any organic substance is heated in 
the absence, or in a deficiency, of air a portion of the carbon 
remains behind in its amorphous form. In all its three forms 
it is infusible at all temperatures ; and it is insoluble in any of 
the ordinary solvents ; the only solvent of it at present known 
is fused iron. With the halogens and with nitrogen it does 
not unite directly; its compounds with these elements can only 
be obtained by indirect methods. It does not combine 
directly with hydrogen, oxygen, or sulphur below 100° C. ; 
but at high temperatures its affinity for the two latter elements 
is very great ; it is on this account extensively employed in the 
extraction of metals from their ores, being, as it is termed, one 
of the most powerful reducing agents known. 

488. Boron.— i:\»s element is not met with in nature in the 
free state ; and it is only met with in combination with oxygen, 
either as free boracic acid, or that acid in combination with 
bases forming the salts called borates. It has been obtained 
in two allotropic states, the amorphous and crystallme. It was. 
until recently the only non-metallic element of which no 
hydrogen compound had been obtained, but recently this 
pound has been formed. 

489. Silmn. — This element is not met with in nature in 
the free state; it is always met with in combination with oxygen, 
dther in the state of silicic anhydride— as quartz, flint, &c. — 
or as silicic acid in combination with bases forming the exten- 
sive and important class of minerals termed silicates. It has 

sen obtained both in the amorphous and crystalline state. 
J is the chief constituent, next to oxygen, of the solid earth. 

490. Metals. —The elements belonging to this class v 
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veiy much both in their physical and chemical properties ; as 
examples we may notice the difference in their densities; K,Ni, 
and Li are lighter, as we have learned, than water, whilst Pi is 
twenty-one times heavier than an equal bulk of that liquid ; 
again, Au, Pt, and some of the rarer metals do not unite 
directly with O, whilst all the other metals do unite with il 
directly at ordinary or higher temperatures ; K, Na, Sr, and 
Ba have such an affinity for it that they enter into union with 
it at common temperatures ; and some of the metals, lead and 
iron for example, which in their massive state are unacted upon 
by air or pure oxygen unless moisture is present, when, in a 
very finely divided state, they come in contact with air in- 
stantly unite with oxygen, the combination being attended with 
ignition. Alloys are the intimate mechanical mixtures pro- 
duced by melting metals together. Those alloys which con- 
tain mercury are called amalgams. Alloys and amalgams can 
only be produced from metals. 

491. Potassium. Sodium. Lithium. — K and Na are obtait 
by placing a mixture of their dry carbonates and charcoal in 
appropriate iron vessel and applying a strong heat : the 
distil over :— 

K2C03 + zC=K3+3CO. 

These metals can also be obtained by the act: 
their hydrates at a strong white heat : — 

4NaHO-f3Fe=2Kj + Fe30i + 2H,. 

Very recently another method has been invented for obtain- 
ing them from their hydrates, which is said to be so great an 
improvement that they can now be manufactured at as many 
pence a pound as formerly it cost shillings to obtain them. 
This method consists in heating their hydrates with carbide of 
iron (FeCj), but in practice, instead of carbide of 
mate mixture of Fe, in a very finely divided state, and pitch 
used. Lithium cannot be obtained by the processes we hal 
described for extracting the two previous metals ; as yet it 
only been obtained by the electrolysis of some of its sail 
Owing to the great aifinities 01 K and Na for O and CI, they 
arc employed for obtaining various non-metals and merals 
/nun their oxides and chlorides. 
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Barium Strontium Calaitm Mat^nesium —These 
metals can be obtained either b\ the electroKsis of iome of 
their salts or by decompos ng the r chlondes with Na The 
first three have no usefi 1 ipphcation but Mg is now manu- 
factured on a hrge acnle it is met with in commerce in the 
form of wire or ribbon It mi\ be ignited at the flime of a 
candle and burns with an mtenselj brilliant white 1 ght, 
very rich in chemically active rays a property which has led 
to its use in photogriphy Besides its ipplicition in photo- 
graphy Its 1 ght has been used in signiUmg it his been seen 
at sea at a distance of "8 miles 

493. Aluminium. Chromium. — The first of these metals \& 
obtained by passing the vapour of its chloride over heated K 
or Na. The preparation of the chloride from the mineral 
bauxite, a hydrate of alumina and ferric oxide, is somewhat com- 
plicated, and to describe it would occupy more space than we 
can afford. Al is used in the manufacture of various physical 
instruments ; it is also employed in the manufacture of its alloy 
with copper, which possesses the appearance of standard gold.. 
If it could be obtained at a cheaper rate, it would have still 
more extensive applications, owing to its lightness, tenacity, un- 
alterability in the air, &c Chromium is obtained by heating its 
chloride with Zn in a crucible, and using a mixture of KCl and 
NaCl as a flux. The hardness of steel is greatly increased by 
the addition of 0-5 to o^ys per cent, of this metal. 

494. Zine. Cadmium. — The first of these metals is extracted 
both from its carbonate and its sulphide ; the former ore is 
roasted to drive off the CO, and H^O present ; the latter is 
roasted to expel the S in the form of SO.j ; in both cases the 
ZnO is left in the state of oxide by the roasting. The ZnO is 
mixed with powdered coal, the mixture is placed in an appro- 
priate furnace and heat applied ; the carbon of the coal removes 
the O ; the metal being volatile at a bright red heat distils over 
and is collected in appropriate receivers. Its most impor- 
tant uses are generally known. The latter metal is associated 
with Zn in its ores, and being more volatile than Zn distils 
over first, but, becoming in part oxidised, the distillate is mixed 
with smail coal and distilled at a low temperature. It has no 
commercial importance. 
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495. /rcw.^This metal, whose uses are so numerous, is, (^ 
that account, universally known, but, curious to say, the p 
metal is not an article of commerce; very few indeed have » 
it in a state of chemical purity ; all the different varieties 1^ 
iron met with in commerce contain carbon and some othi 
foreign substances. All the substances associated with f 
exercise, no doubt, some influence on the character of the ni 
but it may be said in general terms that it is chiefly to 4 
amount and state of the carbon it contains that comm 
iron in its difltrent forms owes its characters ; and t 
varying amount and state of the carbon is due the sevoil 
varieties of the metal known as pig or cast iron, wrought or 
malleable iron, and steel. It would be almost impossible 10 
give, even in several pages, a very brief description of the 
methods adopted for the extraction of the metal from its various 
ores ; we can therefore only glance at one or two points in tht 
few lines we can devote to the subject. There are several 
varieties of pig iron; some contain more combined than uncom- 
bined carbon, in other kinds it is just the reverse. Pig iron 
contains a larger total of carbon than any other variety ; steel 
contains the next largest quantity of C ; and wrought iron 
contains the least. The metal is extracted from the 
oxides and carbonates by first roasting the ores, and then smelt- 
ing them in a furnace along with coal and limestone ; the 
latter being employed to form a fusible mass with the gangue o£ 
the ore; this fusible mass is termed the slag. 

496- Manganese.- — This metal has no commercial import- 
ance ; it may be obtained by subjecting a mixture of an oxide 
of the metal and charcoal to a strong heat in a crucible. 

497. Cobalt, Nickel. — The first of these metals is not used in 
the metallic state in the arts ; the latter is largely used in the 
form of rolled plates for nickel-plating ; it is also one of the 
metals employed in the manufacture of the alloy known as Ger- 
man silver; and in some countries an alloy of nickel and copper is 
used as the material for the coinage in place of copper coinage- 
The two metals always occur associated together in nature, 
the one being in excess in some minerals, the other in othet 
minerals ; they are both constantly met with in metallic meteo 
rites, and the student will probably have noticed that they 
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e nearly the same atomic weight, Ni is prepared from the 
mineral NiAs and from an arsenical cobalt mineral called 
cobalt-speiss by removing the cobalt by a series of processes, 
and then reducing with charcoal. 

498. Copper. — This metal can be very easily obtained from 
its carbonates, for they are reduced directly by heating with char- 
coal ; but the ores of copper most generally smelted are sulphur 
ores; thechief one is adouble sulphide of CuandFe(CujS.FejS3) 
called copper pyrites ; it requires about six different processes 
to remove the sulphur and iron from the copper; the smelting 
of this ore is therefore a very complex process. The iron 
pyrites now burnt for the production of sulphuric acid con- 
tains on an average three per cent, of copper, which all remains 
in the burnt ore ; it is extracted from the burnt mass by roast- 
ing it with NaCl ; the Cii is converted into a chloride, which 
dissolves out on treating the roasted mass with water, and is 
precipitated in the metallic state by placing scrap iron in the 
aqueous solution. This metal, which is one of those longest 
known to man, is employed for a great variety of purposes in 
the arts : it is very tenacious, ductile, and malleable. Brass is 
an alloy of copper and zinc: and bell-metal and gun- metal are 
alloys of copper and tin. 

499. Lead.—'Y\i\% is one of the well-known metals; its most 
abundant ore is the sulphide, galena, PbS ; and from this ore 
the metal is most generally extracted The process most 
generally employed for extracting the metal from galena is by 
converting one-half the ore into sulphate by roasting; the whole 
quantity is then mixed together and the temperature raised, 
when the following reaction takes place. 

PbS0( + PbS = 2Pb-f2S0a 

The metal can be worked very easily, and as it resists the 
action of air and moisture, it is employed for many purposes. 
Various alloys of the metal are used in the arts ; type-metal is 
an alloy of lead, tin, and antimony ; plumber's solder is an 
alloy of lead and tin. Galena almost invariably contains some 
silver as well as lead ; the quantity is very variable, but even if 
it does not exceed three or four ounces in the ton of metal it 
is profitable to extract it, and the quality of the lead is improved 
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by the reiuovaL The process most generally employed is 
called Pattinson's process, from the name of the inventor. This 
process is founded on the fact that an alloy of lead and silver 
is more fusible than pure lead. The metal obtained on the 
reduction of the ore is melted in a large vessel, and tlien 
allowed to cool slowly ; the portion which first crystallises is 
nearly pure lead; this is removed by a perforated ladle ; the re- 
melting both of the richer and poorer lead is continued until 
the largest quantity of the metal is all but free from silver, ' 
whilst the silver has increased in the richer portion to, say, 300 
ounces of silver lo the ton. This rich mass is placed in a citpel 
or shallow dish made of bone-eanh (calcium phosphate), and 
again re-melted and exposed to a current of air, which osidises 
the lead ; the lead oxide thus formed melts and a portion 
flows ofT, whilst the rest is absorbed by the bone-earth ; and 
the silver is left in the metallic state, and almost chemically 
puie ; this process is called cupeltaiiim. 

SOa Silver. — This metal occurs in the metallic state, but i! 
is in a state of combination that it occurs in the largest quantity. 
It is extracted from its ores by three different processes ; 
' either it is alloyed with lead and then the lead removed by 
oxidation, a process we have already described, or it is amalga- 
mated with mercury and this removed by distillation ; or, 
lastly, it is brought into solution as a salt and the metal pre- 
cipitated by means of copper. The practical adoption of one 
or other of these processes depends upon the nature of the ore, 
the position of the mine, and the price of labour, fuel, &c' 

501. ' Pure silver is very little employed in the arts, as i! 
is too soft to resist wear. In order to increase its hardness 
and tenacity, it is alloyed with a small proportion of copper, an 
addition which does not affect its colour, and in this form it is 
employed for plate, ornaments, coinage, &c. Standard sihvr 
is an alloy of silver and copper of a given composition fixed 
by law, and this standard varies in different countries. In 
England the standard contains 91 '5 percent, of silver.' 

502. Biiinulh. — This is not an abundant metal ; it occurs 
in the metallic state disseminated through various rocks, from 
which it is separated by simple fusion ; it is found also 
associated with nickel and cobalt, and from these ores it is also 



Properties of some of the Elemrxts 225 

^sttacted. It is employed in the manufacture of fusible 
■taetals. 

503. Antimony. — This metal is always extracted from antimo- 

s sulphide, SbjSj ; this ore is first roasted, antimonious 

kride and sulphurous anhydride being produced ; the oxide 

5 then reduced by carbon. It is only employed as a con- 
ttituent of some alloys ; it imparts to the alloy the property of 
Btpandingon sohdification. The crude antimony of commerce 
I merely the sesqui sulphide ore freed from the greater part 
f its earthy impurities. 

■ 504. Tin. — Independent of its value as a metal, tin is in- 
ft-esting to the inhabitants of Great Britain, as 'these isles 

; first known to the civilised nations of the ancient 
^orld by the commercial quest for tin, whether carried on by 
le direct voyages of the Phcenicians or Carthaginians (a ques- 
»n still in dispute), or by the overland route through Gaul, 
rith the aid of its great rivers, to Massalia and other Greek 
olanies on the Mediterranean, which is fully described by 
Jiodorus Siculus and Strabo. From the former source, 
Serodotus, in the fifth century r.c, may have derived his 
aformation about the islands in the extreme west of Europe, 
Sidled Cassiterides, whence, he says, tin is brought to us.' ' Tin 

6 never met with in the metallic state ; it is met with only in 
Combination with oxygen, as SnOy, called tin -stone. After 
[he tin-stone has been freed fi-om its earthy and metallic im- 
^rities, it is mixed with charcoal and reduced in a furnace. 

i employed in coating other metals to prevent them from 
rusting, and it is a constituent of several alloys, 

505. Mercury, — This metal occurs in its uncombined or 

ative state, but it is chiefly met with in a state of combination ; 

its most abundant ore is cinnabar, mercuric sulphide. It may 

■ be obtained from this ore either by burning off the sulphur and 

■ distilling the mercury ; or by heating the ore with some sub- 
I stance which forms a non-volatile compound with sulphur, and 
' distilling off the liberated mercury. It is used in silvering 

mirrors, and extracting gold and silver by the amalgamation 
process ; it is of great use in physical and chemical laboratories 
milh and Groves' s Histon 
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a. hf beat (Exercise 700). 
*. Uf sDlphmic acid (Emidse 661 j. 
Hcrw would ;«■ eitracl aha from aigcotirerous galena * 

382. ir IDO tftams. uf Meam U decomposed bf passing it orer Tcd-Imt ' 
iron, whal will be the increase in weighl of ihe iron, and what iheTolime 
in litres of the gas obtained measured al 0° C and 760 mm. ? 

383. From whsl you have learned as lo Ihe ccHistitDtion of ouine. «b>l 
it your inference, if any, Oi ri^ard^ ihe constitution of atlolropjc Imliesin 

384. A spltnler of a coionrless Imdy is given lo you j how would jOIl 
prove Ijy a chemicsl leal that it was diamond and not a piece of glaa! 

385- What are the nialerials you would require for making chlorint. 
and what ijuanlilies musl be use<l in order to obtain 1,000 grams, of this 

3S6. Ciive ihe meaning of the terms gangue and slag. 

387. Whnl volume of air at 0° C. and 760 millimetres pressure is 
needed for ihe combustion of one gramme of hydrogen ! Whal woold be 
the volume uf the product al 300° C, ! 
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L What are the soi 
Describe sc 
ts vapOQr-densily. 

~. What Is meant t>y saying certain substance; are [educing agents ^ 
. Name the characteristic element in organic compounds. 
B93. For what purpose is the metal antimony employed ? 
" . Name the metals which, on lieing set free from their ptes or com- 
■e obtained by volatilising them. ' 
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508. A chemical cotnpound is distinguished from a mere 
mixture of substances, or from a simple adhesion of different 
substances, not only by its possessing properties entirely different 
from those of its constituents, but by the still more remarkable 
characteristic that it is always composed not only of the same 
elements, but they are always united in unvarying proportions 
by weight. We have to remember, then, that bodies always com- 
bine vafixedxa^ invariable proportions by weight, and this law, it 
may be observed, is the basis of chemistry. No circumstances 
whatever can alter the proportional quantities of the constituents 
of a compound. Thus common kitchen or table salt-^whether 
obtained from the salt-beds in Poland or from those in 
Cheshire, wherever found or however prepared, whether by the 
agency of man or by the operations of nature — is always made 
up of the two elementary bodies, chlorine and sodium, and in 
the invariable proportion of 23 parts by weight of sodium to 

' Thtstndtntmuslnowpassontopar. boi.,Chiip. XI..andi:mnpleleihisl,iiiy 
i.Jtk<iichapUr. 
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lime would still be formed, whilst 3 parts of lirae would remain 
uncombined. 

5IO- This constancy of composition in chemical com- 
pounds, not only as regards their elements, but also as regards 
the weight of these elements, will be better understood, perhaps, 
if we select a few more examples, and arrange tbem in a dif- 
ferent n 




Hydrt^en 078 x 127^99-06 



511 It IS evident from these examples that the different 
<x>nstituents of 1 chemical compound ire present in different 
proportions by weight Thus in water there is 8 times more, 
by weight of o\)gen than of hydrogen , for if we multiply the 
quantity of hydrogen contained in that 1 om pound by 8, the 
product will be the number representing the quantity of oxygen 
present in that liquid In the same wi) there is 16 times more 
by weight of sulphur than of hydrogen in hydros ulph uric acid ; 
for if we multiply the quantity of hydrogen in 100 parts of that 
compound by 16, it will give us the number representing the 
quantity of sulphur the compound contains in 100 parts; and 
so with respect to the other two examples. 

512. ^\'e may therefore express these facts in the following 
simple form. To one part by weight of hydrogen there is 
found — 

In Waitr Jti Hydtochlurk AtiJ 

8 parts of oxygen. 35-5 parts of chlorine. 

. in Hydromlphurii: Acid In Hydriodic Acid 

1^ 16 parts of sulphur. 127-1 parts of iodine. 

^^ Every 9 parts of water, then, are invariably composed 
E^ 8 parts of oxygen, and i of hydrogen ; every 36-5 parts of 

hydrochloric acid are composed of 35"5 parts of chlorine, and 

1 part of hydrogen &c. 

513. Chemical compounds an therefore always constant and 
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definite in composition, not only as regards their cemponenh er 
elements, but likeiuise as regards thi quantity by weight of lAta 
elements. This is the first of the three great laws of chemical 
nombination. 



395. How ranch water would be produced from z8 lbs. of Oxygen nd 
S Ib^. of hydri^en, and viould either of the dements be in excess ! 

396. How mvich hydrochloric Ecid would be produced from 5 lbs. of 
hydrogen and 178 lbs. of chlorine, and would either oF the elements be in 



514. The Student became acquainted in the last chapter 
with two modes by which chemical compounds can be formed 
(i) By direct cotnbinatton of elements or compounds with each ' 
other ; (z) By the displacement or substitution of one element, 
orcompound substance, for another, see Experiment 363.' We 
must now give a few more examples of this latter method of 
forming chemical compounds, in order that the student may 
comprehend what is meant by equivalent proportionB. 

515. It has been shown that nitric acid dissolves some of 
the metals; it dissolves most of them. The chemical action is 
this: the metal removes from one portion of the acid sufficient 
oxygen to form with it a basic oxide; another portion of the acid 
oxide combines with this basic oxide, a salt being the result of 
the union; the acid oxidises and unites, for instance, with 
silver, mercury, copper, lead, and iron ; but it unites with these 
metals with very different degrees of intensity. With silver 
the combination is less intense than with mercury ; with mercury 
less intense than with copper ; with copper less intense than with 
lead ; and with lead less intense than with iron. If, therefore 

' This experiment not only illustraies the Tact that the sobd state is less 
favourable to chemical action than the fluid state ; but il also illustraies the (act 
that one compound substance can displais nnother from its combination \ thus 

bonaie ; the carbon dioxide on being set free resmnes its natural gaseous con- 
dition, and in bubbling up through the water causes the effervescence ; by this 
displacement the original salt is, of course, destroyed, and s new ooe, st 
tartrate, is produced. 



Equivai.e.\t Proportions 231 

mercury were added to the compound produced by the combi- 
nation of the acid with silver, the mercury would displace 
and take the place of the silver ; if copper were added to 
the compound produced by the combination of the nitric 
acid and mercury, the copper would displace and take the 
place of the mercury ; if lead were added to the compound 
produced by the combination of the nitric acid and copper 
the lead would displace and take the ])lace of the copper \ 
iron were added to the compound produced by the combination 
of nitric acid and lead, the iron would displace and take 
the place of the lead ; therefore any metal in the list can dis- 
place all the metals which precede it, and can be displaced by 
each of the metals which follow it. 

516. Mercury replaces silver in the proportion, by weight, 
of 100 parts of mercury for every 108 parts of silver ; copper 
replaces mercury and silver in the proportion of 317 parts of 
copper for every 100 parts of mercury, or 108 parts of silver ; 
lead replaces copper, mercury, or silver in the proportion of 
1037 parts of lead for every 317 parts of copper, or too parts 
of mercury, or 108 parts of silver ; iron replaces lead, copper, 
mercury, or silver, in the proportion of 28 parts of iron for 
every 1037 parts of lead, or every 317 parts of copper, or 
every 100 parts of mercury, or every 108 parts of silver. We 
will illustrate the proportions in which substances replace and 
are replaced by a few more examples :— Sixteen parts of sul- 
phur, we have learned, combine with i part of hydrogen and 
form 17 parts of hydrosulphuric acid ; if we were to replace 
the sulphur in hydrosulphuric acid by iodine we should require 
127-1 parts of iodine for every 16 of sulphur, and the compound, 
after the sulphur had been replaced by the iodine, would not be 
hydrosulphuric acid; it would be hydriodic acid: if we were to 
replace the sulphur in hydrosulphuric acid, or the iodine in hy- 
driodic acid, bychlorine we should require 35'5 parts of chlorine 
to replace every 16 parts of sulphur, e p rt of 

iodine. From these examples it will b n h wh he a 

substance. A, combinea with another ub n B by d 
combination, or by replacing some oth b n h wh h 

B is united, it (A) always combines with E n he n e p po 
tions by weight in whichever way the con b n k pi 

thus, chlorine always unites with hydrogen in the pro'^i^.TO^ 
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by weight of 35 '5 [>arts of chlorine to every i part of hydrog 
whether the chlorine unites with the hydrogen by direct i 
bination, or by displacing some substance with which the hjd 
gen was united. 

517, From these and like facts the second of the 
of chemical combination, and which is called the Li 
Equivalent Proportions has been deduced, viz., that wke 
element or compound takes the place of another element 1 
pound, the replacement takesplace in different 6ut definite amouK 

518. The third law is called the Law of Multiple 
fions; it has been deduced from innumerable facts the chen 
has discovered ; he has found, as we have learned, that 
substances combine in more proportions than one, forming I 
tally distinct compounds ; and that the higher proportii 

mbining proportion of the substance : 

r more fully with advantage to the 

; desirable he should be made 

n theories. 

y the aid of the balance that chemists dis- 



multiples of the lowest c 
but before we can entei 
student on this subject, 
acquainted with c 
519. It 



covered that substances unite in certain definite proportions bj- 
weight ; and by the aid of the balance they have determined 
the proportions by weight of the different substances that 
unite ; and the proportions by weight in which they replace each 
other, in other words their equivalent proportions. Scientific 
facts are truths, and are consequendy unalterable ; bnt the 
explanations or interpretations scientific men give of those facts 
are at the best only guesses at truth. Different theories may, 
and often are, devised by different scientific men to explain the 
same series of facts ; and even the theory which is most gene- 
rally accepted is liable to change with the progress of the science, 
as we shall learn from the theory we have now to explain, 

520. The cause of elements and compounds always uniting 
in unvarying proportions by weight is unknown to us ; all that 
we know from chemical investigations is that it is a principle 
impressed on matter by the Creator ; and we further see how 
important it is ; for if substances did not unite in unalter- 
able proportions by weight there would be no stability in the 
composition or properties of natural and manufactured chemical 
substances : what at one time might be a food, might at another 
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nra^Dea poison. Although we do not know why substances 
always unite together in unvarying proportions by weight, a 
beautiful theory was invented by the late Dr. Dalton to account 
for the fact ; it is known as Dallon^s Atomic Theory, and 
although purely speculative, has exerted an important influence 
in aiding the progress of chemical science. The ancient 
philosophers had conceived, before it had been discovered that 
the elements unite in certain fixed and definite proportions by 
weight, that matter was made up of small itidiviiibk particles 
they termed atoms. Dalton adopted this view of the constitu- 
tion of matter, but he conceived that the atoms of the different 
elements differed in weight, which the ancients had not con- 
ceived, for they had no knowledge of elementary substances ; 
fire, earth, air, and water they regarded as the elements. It 
will be seen that, if Dalton's theory be admitted, the difficulty 
of explaining why the elements should always combine, and 
replace each other, in certain definite proportions by weight is 
removed ; for according to this view, it is one or more atoms 
of one element combining with one or more atoms of another 
element ; for atoms, unlike moleatles, are chemica/ly, as well 
as mechanically, indivisible. The absolute weight of the atoms 
cannot of course be determined, because they cannot be isolated 
or got into a separate state ; the atomic weights are therefore 
relative, not absolute weights. 

521. Hydrogen being the lightest substance that is known, 
its combining proportion by weight is less, as we have seen, 
than that of the other elements ; Dalton, therefore, assigned as 
the weight of its atom the least whole number, viz. one ; and 
as at the time he propounded his Atomic Theory there was 
only one compound of hydrogen and oxygen known, viz. water ; 
and as water is composed of these two elements in the propor- 
tion, as we have already shown, of one part by weight of hydro- 
gen to eight parts by weight of oxygen, Dalton considered that 
in the formation of water one atom of each of the elements 
unite together ; therefore, if the atom of hydrogen be taken to 
weigh <me, the atom of oxygen, according to this interpretation, 
must weigh eight. 

522. But Dalton in framing his system of Atomic Weights 
neglected to observe, or at all events to take into a 
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proportions by volume in which gaseous substances combine. 
This oversight is not surprising if we notice the few elements 
that are naturally gaseous, and the comparatively few that can 
be rendered gaseous ; and it had been by weighing that the 
discovery had been made that substances unite and replace 
each other in certain definite proportions by weight. Aboui 
the time Dalton was constructing his Atomic Theory, Huraboldl 
and Gay Lussac observed that oxygen and hydrogen unite by 
volume, to form water, in the proportion of i volume of the 
former to i volumes of the latter element ; therefore, if Dalton's 
hypothesis were correct, the hydrogen atom must occupy double 
the volume the oxygen atom occupies. Now, if this were the 
case, we should expect a difference in their dilatation and com- 
pression when subjected to the same variations of temperature 
and pressure ; but it has been proved by experiment that there 
is no difference in this respect between the two gases ; the)' 
expand and contract alike, the pressure being the same for 
equal additions or subtractions of heat, and they also experi- 
ence the same change in volume for equal pressures. This 
uniformity in expansion and contraction extends to all gases and 
also to vapours, at some distance above their points of conden- 
sation. This uniformity of gases in their relations to heat and 
pressure led scientific men some years ago to believe that 
same volume all gases contain the same number of ponders 
atoms set at equal distances, and whose natural repulsion 
expressed by the same law. 

523. But this generalisation— that equal volumes of 
under the same conditions of pressure and temperature contain 
an equal number of atoms — is true only within certain limits. 
In the sense which is now attached by chemists to the word atom 
the proposition is true only for a certain number of the gaseous 
and vaporisable elements : hydrogen, oxygen, nitrogen, chlorine, 
bromine, for example ; but it is not correct as regards phospho- 
rus, arsenic, mercury, &c., as we shall leani as we proceed, for the)- 
do not contain in equal volumes the same number of atoms as 
hydrogen, oxygen, chlorine, &c. Neither is it correct, as we shall 
learn, as regards compound gases ; although they are subject lo 
the same laws of expansion as the simple gases. What is ac- 
cepted is that equal volumes of gases contain the same number of 
molecules^ and that a molecule of each substance occupies 
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volumes if one atom of hydrogen occupies one volume. Equal 
volumes, however, of hydrogen and oxygen contain the same 
number of atoms ; and as one volume of oxygen is sixteen 
times heavier than one volume of hydrogen, and as equal 
volumes of the two gases contain the same number of atoms ; 
it follows that the atom of oxygen must be sisteen times heavier 
than the atom of hydrogen, and not eight times, as Dalton 
thought ; and therefore, the correct formulafor water will not be 
HO, but must be HjO, as two volumes of hydrogen unite with 
one volume of oxygen to form one molecule of water which 
occupies two volumes. 

524, Although in everj-day life we all see liquids measured 
as well as solids weighed, yet I have, and I believe other 
chemical teachers have likewise, found that students less readily 
comprehend volume -relations than they do those relating to 
weight ; we will therefore, before going further into the subject, 
give a few experimental exercises, showing the volumetric pro- 
portions in which the elements hydrogen, chlorine, oxygen, and 
nitrogen combine to form the compounds hydrochloric acid, 
water, and ammonia ; and the proportion by volume in which 
hydrogen combines with the non-volatile ele- 
ment carbon to form the gaseous compound 
methane, as the student will then learn by 
observation the principles of volume -combina- 
tion. 

Mxptriments illustrating the volumetric consti' 
tution and condensation ratios 0/ gaseous 
compounds. 

399, The following experiment proves that hydro- W ' ' 
chloric acid can be formed by the direct union of its 
dements, hydcagen and chlorine ) and that they unite 
in equal volumes, and thai the volume the hydro- 
chloric acid occupies is the sum of the volume of its 
constituents, there being no coTidensalion. 

' Two stoppered glass vessels of exactly equal capa- 
city (fig. 66) arc united by a lube, whichisclosedby a 
stopcock. Aftci closing the stopcock, one of these is 
filled with chlorine and the other with hydrogen, and 
the stoppers are replaced. On opening the stopcock 
in thedarif, difliision will cause the gases to mix, an 
iictirai which will be more rapid if the part of the 
apparatus containing the chlorine be plained uppermost. 
If (he apparatus be now exposed to the diffused light of a weU-U^hl-eAii! 
tat not todirect sunlight — otherwise an e)Lplo'iiunv;i\\occa.!: — \.\vecQ\(ivH^^e 
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^ U«.h *i.h Ih. vapour we >^X^;,^^^™/JJ/;,^Xf ^m1=J^ oU 
«trfotal«1 co't, whilst lis upper ,^j;^g cenlimetres above 

^crease of temperature causes than W 
expand. The mercury must be kept «» 
u^or»i level in both l""!^ .""^".^ 
adding or withdrawing a portmn of tta 
metalTthe laltciby the stopcock *. Whtt 
the easeous mixture ceases to expimd, 
the height is marked by slipping a <3J«l 
chouc ring over the outer glass cylinder 
a little more mercury, say on inch, i- 
then poured into the outer limb ol IM 
U-tuiw, which is then lightly closed by 
a cork. A spark is now passed from 
the induction coil [this P^" o\ '« 
apparatus is not shown in the %.] by 
!he wires - and + . After the explo- 
sion the cork is removed from the open 
limb, and the meicucy leveUcd in ihe 
two limbs, wheu the volume of steani 
will be found lo be just two-thirds of 
the volume of the gaseous mixture be- 
fore the explosion, if the expeniuenl 
has been correctly made. On cooling 
down, the steam condenses, and ihe 
mercury, with the exception of the Ei^ 
space the water occupies, entirely 611* 
the closed limb of the U-t''''e- 

To prevent Ihe alcohol vapour fiooi 
escaping into the atmosphere, the lower 
eMrcmity ot the glass cylinder is con- 
nected, by means of the glasstube /^ 




with the condenser h ; the w 



, .. , of the condenser being surrounded with 

^^.■^ ..uLti. The tu1>e conveying the alcohol vapour into the glass cylindel 
is jacketed with caoutchouc to prevent loss otheat. 

527. By the next experiment we learn the proportions by 

volume in which nitrogen and hydrogen combine to fonn the 
gaseous compound ammonia vNH-j), and the amount of con- 
densation that takes place on iheii union. The compound is 
best prepared by mixing one part of ammonium chloride in 
powder with two parts of slaked lime, and healing the mixed 
mass in a flask to which a bent tube Is connected, and with 
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Klhat a drying tube containing unslaked lime ; to the other end 
«f the drying tube a bent tube is attached, to convey the gaseous 
mpound into the eudiometer. 

10 cubic centimetces of ammonia are passed iiitu a eucliometei 
le {fig. 47). Electric sparks, famished by aa indnction coil, are passed 
sugh the gas by means of the platinum wires as long as any increase in 
Kvolume of the gaseous mixture takes place, as the ammonia 13 decom- 
BGcd ty the electric spark. Ailer allowing the gases to cool, the volume 
W measured, and it is found that the gaseous mixture just measures double 
*« volnme the gaseous ammonia measured. We have learned, then, that 
i> volumes of ammonia furnish, on decomposition, four volumes of its 
nstituents ; hut we have yet to leam what is the volume-proportion of 
- two gases. We add for this purpose 10 the zoo cc of the mixed gases 
I c.c. of ox)^en. We then explode by the electric spark, and only the 
;en under these conditions unites with the oxygen ; after allowing 
a the gases to return to the temperature of the air, we observe the 
;, and we find that i( only measures 75 c.c. ; there has, therefore, 
contraction of 225 c.c. ; two-thirds of this, viz. 150 c.c, represents 
Lne amount of hydn^cn in the aoo c.c. of the mixed gases ; consequently, 
there was present 50 c c. of nitrogen in the zoo c. c. The two gases, there- 
fore, combine to form ammonia in the proportion of three volumes of 
hydrt^n to one of nitrogen ; and on their union there is a conclensation to 
two volumes. 

528. By the next experiment we shall learn the voiume- 
proportion of one of the constituents of the compound 
. methane, or marsh-gas as it is frequently called, because it is 
[produced in the decomposition of vegetable matter under 
l- water, and is given off when the mud at the bottom of stagnant 
Kpools is stirred : it also constitutes the 'fire-damp' of coal 
I rinines. Methane, CHj, is a compound, as shown by the 
T- symbol, of carbon {one of the elements which has never been 
' volatilised, although this and many of its other compounds are 
I gaseous bodies), and of hydrogen. This hydrogen compound 
differs from the three preceding ones, viz., HCl, H.jO, 'and 
H3N, that whereas both constituents of these are gaseous, in 
this fourth one the hydrogen is united with a body which is not 
ordy solid at common temperatures, but incapable of volatilisa- 
tion by any, the intensest, means at our present command. 
Hence, while the first three compounds illustrated, with an 
admirable symmetrj', and in an unbroken ascending scale, the 
laws of combination and progressive condensation, by volume 
as well as by weight, the fourth exemplifies volume- combination 
|- and condensation only so far as its gaseous ingredient is con- 
L <:crned ; our fosith<e knowledge, as to its solid constituent 
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extending only i"0 the weigkt-xaXiQ, and any views we 
entertain as to the roiume-tatio of this element being of necessity 
speculative. It is indeed, maintained by many chemist^ ai 
not without some show of reason, that analogy affords a fi 
basis for such speculation ; but not until carbon shall have been 
actually volatilised, and its vapour actually weighed, shall we be 
entided to rank marsh-gas, with respect to its volumetric con- 
stitution, on the same certain fooling as experiment already 
assigns to hydrochloric acid, water, and ammonia.' 

403. To prepare marah gas, mix very intimately ooe part of iodium 
acetate witli four parts of soda lime ; bolh chemicals can be obtaiocd oT 
Ihe operative chemist. Place the mixture in a fia.sk of glass (or better vt 
copper oc iron), arranged foi gas-disengagement ; then heat the flask to Ibc 
point at which the gas begins to be evolved. It is eight limes heaTier 
than hydn^en ; hence, taking the nnit-volume of hydrogen as one, nr» 
volmnes of the gas weigh sixteen. 

The experiment for ascertaining how much hydrogen is presenl in two 
volumes of the gas is performed in the IJ-tuhe, fig. 70 ; it is decomposeil 
by causing a spark current of the induction coil to traverse the wires in Ihe 
tube. The decomposition proceeds rapidly at first, hut afterwards moie 
slowly, so that a considerable time is required to bring the operation to 1 
close. The volume of hydrc^en, when the experiment is complete, on^t 
to he doable the volume of the marsh-gas operated upon, but on allowing 
the mercury to run out at the tap till it has become level in Ihe two [imte 
of the tube it will not be found, even in the moat successful eiperiment, to 
be quite double the volume, owing to a minute portion of the methane 
escaping decomposition. The experiment teaches Us that there are four 
volumes of hydrogen in two volumes of methane, and two volumes of this 
carbon compound weigh sixteen, and as four volumes of hydrogen weq;h 
four, the amount of carbon by weight in two volumes is, of course, 
twelve. 

529. We will give one exercise, and in this one the student 
will have to explain each step in the experiment after the 
teacher ha.'i made it ; and he must further state the proportions 
by volume in which the two elements combine, and what con- 
densation, if any, takes place on their union. 

404. The gaieous compound selected is one of the oxides of nitrt^^ i 
from ihe effects it produces when respited in small quantities it is known 
under the name of laughing gas. It is prepared by heating, gently at first, 
anmioninm nitrate, previously dried in a flask to which a delivery tnbe is 
attached, and collecting the gas over mercuiy or warm water. 

100 cc. of the gas are collected ia the eudiometer tube, fig. 471 
15a cc. ofhydrt^en are then added, and the mixture is exploded by the 
electric spark. After the gaseous substance which remains ha; ■ ■ ■ 

down to the surrounding temperature, it is found to measure ]_ 
100 cc has therefore disappeared. We are unable as yet lo deduce d 
conpositiDn of Ihe oxide of nitrogen gas i and the student uiut r ~ '' 
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Trifefro-telroxide 
-««. The monoxide 



AfCLTIPLE PrOI'ORTIOS'S 



S<i 



t strictly ar 
i the lowe 



example oi^ 
oxide 



564, The 
It is introduced because 

observe that its molecule is composed of one aton-» 
and one atom of the non-metal ; it is therefore ret* 
the formula FeO. The oxygen in the other 
increases, we see, on the quantity in the ixii 
quantities representing i^ atoms of oxj-gen in the 
and I J atoms in the triferro-tetroxide. Now, as we h - 
stated, quarter or half atoms are inadmissible, being ; " 
with the supposition on which the atomic theory is t> -, 
mpounds must, therefore, be composed c*f- 
vith 3 or more atoms of B. In ^ 
nited with 3 atoms of 
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a.nd !ike c 

s of Au 



Lited ' 



oxide 2 atoms of i 

the triferro-tetroxide 3 atoms of iron are united with 

Dxygen. 

565. Representing, as we have done in the prevf 
the constituents of a binary compound (r --- ^ 









' ^*^'"'es. 



t^ii 



2A + 3B,zA-|-4B,2A-)-5B,3A-|-4B,&c. 
566. The method for finding the rational proportio I 

stances united in complex proportions must now he '^ *^'"*U/j I 
:o the student. An atom, as we have stated before^^^^^'net/ | 
iidered to be a particle of matter so small that it is ;' "** '^Oo, I 
Df division; therefore, when we find, by anai5'sis, the eJe ^^^^^Iq I 
1 compound united in the proportion by weight of 1 at ''^^'^f I 
:o li or H, or zh ^'^°'^^ "^f ^> as these proportions aro^*" "''^ I 
iistenc with the supposition on which the atomic theory j 1.''*^°'^- I 
we get rid of the fractions by doubling both numbers^ ^^' I 

a atoms of A to 3, or 5, or 7 atoms of B : the proportio *''"*'' 1 

weight of the elements, still remain the same, whilst the d " ' ^^ I 

3f an atom is avoided. ^Vhen the elements are found tnl'^'^S I 

the proportion of 1 atom of A to i^^ atoms of B this is '" I 

proportion o 4 atoms of A to 5 atoms of B ■ if theref '" ""^ I 

multiply the i atom of A and i^ atoms of B bv a. «• ^^^' "'^ .1 

/ 4> He obtain ^1 
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molecules and atoms. We have already stated that a molecule 
is the smallest mass of matter that is tnechanicaiiy indivisible, 
but chemically divisible ; an atom is the smallest mass, for it is 
both chemically as well as mechanically indivisible ; there are 
therefore, the student must remember, no half-atoms. No 
smaller mass of matter than an atom can exist, and it only exists 
in a chemical compound, not in a_^ee state ; a molecule being 
the smallest mass that exis(s in ihe/ree state. 

534. We have learned that the same variations of tempera- 
tu-j and pressure produce in all gases (he same changes In 
volume ; from this Avogadro in 181 1 deduced the law thM 
equal vclufiies of all gases at the same temperature and pressun 
contain an equal nutnber of moleatles ; this law is now one of the 
chief foundations of modern chemistry. 

535. Molecules, as well as atoms, are invisible. We gave, in 
par. 9, Sit W. Thomson's illustration of the size of a molecule. 
Although a molecule of any substance is invisible, we can 
ascertain the relative weight of a molecule of any gaseous m 
vaporisable substance, as we shall show presently ; and we 
can chemically divide it, by decomposing it into its constitu tents. 

536. That the molecule of a compound, although mechani- 
cally indivisible, is a larger mass of matter than the portions of 
matter of the different elements of which it is composed will be 
obvious to all my student-readers ; these smaller portions of 
matter we term atoms. The word atom is derived from two 
Greek words signifying a particle of matter so minute as to 
admit of no division. 

537. That the molecules of compounds composed of dtssi- 
iiiilar elements are formed out of a combinarion of the atoms 
of the elements composing them is self-evident ; but the 
question naturally arises, Are the atoms of the elements them- 
selves in the free state united, or do they exist singly ; in other 
words, is a mass of any element an agglomeration of the mole- 
cules of that element or of its atoms? In answering this 
question, we will commence by informing the student that it 
is only of recent date that chemists have called the smallest 
mass of an element in the free state a molecule. It was 
formerly termed an atom, as well as the smallest mass which is 
chemically indivisible. It was also formerly considered that 
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only dissimilar elements could unite together ; now, it is ad- 
mitted that the atoms of the sameelement can chemically unite 
with each other ; and that the homogeneous atoms, in some 
cases, are united by a stronger affinity than are the heteroge- 
neous atoms of some compounds. ' For example, the molecule 
af nitrogen is a much more stable compound of the two atoms 
of the element than the compounds of nitrogen with oxygen, 
ff with hydrogen or chlorine.' We shall adduce chemical 
vidence in proof that the atoms of the elements are, as a rule, 
mited together in the free state in the last chapter ; but here we 
»ill call the attention of the student to the fact that the mole- ' 
ailes of the same substance, whether composed of dissimilar 
^ similar elements, never exercise chemical action upon one 
mother. 

538. It is now believed, as has been implied, that the ele- 
Bents are, as a rule, united in pairs ; thus the molecule of hydro- 
en is composed of two atoms of that element ; it is therefore 
pnbolically represented thus, HH or H^, whilst the atom is 
ipresented by only one H : these symbols not only signify the 

nolecule and atom, but they also represent the weight of the 
holecule and atom of the element, the molecular weight being 
louble the atomic weight ; and we take, as we have already 
earned, the hydrogen atom as the iinit of the atomic weights of 
be elements. 

539. The molecule of hydrogen, of ox-ygen, of chlorine, of 
litrogen, and of some of the other elements, as is shown in the 
bllowing table, is composed of two atoms of the element; the 

symbols of their molecules are therefore represented as follows. 
HH or H„ 00 or Oj, CICI or CI,, NN or N^, and of course the 
molecule of these elements occupies double the volume the atom 
occupies. And the specific gravity of their molecules is double 
the sp. gr. of their atoms ; when the molecular weight of the 
element is twice that of its atomic weight, the molecule is 
^Matfimic, that is composed of two atoms ; and in a notation 
I devised by Dr. Hofmann one volume of the element is repre- 
fcacnted by a square, and the molecule by a douhh square, as 
1 shown in the following table. 

540. The number of atoms in a molecule of an elementary 
k ttody can be found by dividing the molecular weight, as deduced 
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carbon, thus C" or C'\ &c. The Roman numerals are i 
convenient than the dashes for the higher numbers, and are, 
therefore, more frequently employed. It is not necessary to 
indicate the atomicity of a monad element, for if no accent 
numeral be attached to the symbol of an element it is under- 
stood that that element is a monad. 

571. From the illustrations we have just given of the 
atomicity of the elements, the student may have very naturally 
concluded that each element has ciitly one atomicity ; but when 
we recall to his recollection what he is already acquainted 
with, viz., that there are at least two oxides of carbon, and fire 
oxides of nitrogen, he will at once see that carbon and nitrogen 
must have more atomicities than one ; for if they had only 
one, there could only be one oxide of carbon, and one oxido 
of nitrogen. The cori'/a^of the atomicity of the same elemenl 
is explained by supposing that sometimes some of the points 
of attraction are not active, but are latent or in a state oireti; 
thus, when the points of attraction in nitrogen are all active il 
is a pentad, as in the salt ammoniuin chloride (NH^Cl). for as 
the formula sho«-s, one atom of nitrogen in that compound is 
combined with five atoms of monad elements ; whereas ii 
ammonia (NHj) it acts as a triad, two of the points of attraction 
being, it is imagined, in a state of rest or latent. When an 
element has entered into combination with another in its 
_i7ro/«/ atomicity, as nitrogen in NH^Cl, the compound is said 
to be saturated, for it is incapable of entering into direct com- 
bination with another element or compound : but when the 
combining units are not all united the compound is said to be 
unsaturated, because it can enter into further combination with 
an element or compound ; thus ammonia {NH3) combines 
with HCl, forming the saturated compound NH^Cl, The varia- 
tion in the atomicity of an element takes place, with very few 
exceptions, by an even number of combining units ; thus carbon 
js either a tetrad ox a dyad ; sulphur is either a dyad, a fetraii, 
qX a kexad. 

572. Two elements having the same atomicity unite together 
,n equal atomic proportions ; but, with a few exceptions, 
elements of different atomicities do not unite in equal atomic 
proportions. A dyad and a triad unite in the proportion of 
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Amrdonium chloride H— N-Cl 

575. In the following table the more commonly occurring 
elements are grouped according to their atomicities, and the 
atomic weights of these elements are given. We have given 
those atomicities of the elements which the student requires 
to know first, according to the system of teaching we have 
adopted in this book ; as he is made acquainted with com- 
pounds in which some of the elements composing them display 
other atomicities, his attention will be directed to it, and the 
necessary information given. He will observe that the termina- 
tion of the name of the element varies in the two atomicities, 
ous being the termination of the lowest atomicity, and ic of the 
higher atomicity. Example : iron in the ferroaj state, iron in 
the femV state. The student must again refresh his memoij 
with the names and symbols of the elements ; this is all-impoe- 
tant, for he can make no satisfactory progress in chemical no- 
menclature and notation unless he has committed the namo 
and symbols perfectly to memory, and he should also make, 
himself perfectly acquainted with the atomicities of the«; 
elements as given in the table. 

Exercises on Combination by IVtight. 
426. Every 100 parls of a gold chloride are composed of 6479 of A» 
and 3S-ai of CI. How much CI is uniled with 196 (weight of one aloBi 
of gold, and how many atoms of CI is it equal to, and give the symbol cJ 
the chloride t 

417. Every loO parts of an iodide of gold are composed of 60-63 of A" 
and 39'32 of I. How much I is united with 196 of Au, and what is iIk 
symM of the iodide ! and what is the atomicity of the gold in this com- 
pound BOd the one in the preceding exercise \ 

42S. Every 100 parts of alumins, an oxide of aluminium, are composnl 
of 53-4 of Al, and 46'6 of O. How much O is united with a7-5 (we^i 
of one atom) of Al T and what symlnl or (brmnla would you assign lo the 

429. Every too parts of a Iwron chloride are composed of 9-36 of B | 
and 90-64 ofCi, How much CI is united with 35-5 (weight of one alow) 
of B, and what is the,syinljpl of jhe compound \ 



\ 
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s Table. 

lassification of the more commonly occurring Elements according 

to their atomicity. 



. Names of the Elements Symbols 


Atomic Weights 


Monads — 






Hydrogen , 


H 


I 


Chlorine 






CI 


35 *S 


Bromine 






Br 


80 


Iodine 






I 


127 


Fluorine . 






F 


19 


Lithium 






Si 


17 


Potassium . 






K 


39 


Sodium 


• 




Na 


23 i 


Silver 






. . . Ag 


108 ■ 


Mercury in the mercur^wj st 


ate . Hg 


200 


Copper in the cupr^wj state 


Cu 


63 


Dyads— 






Oxygen . . . , 


O" 


16 


Barium 






Ba" 


137 


Strontium . 






Sr" 


87-5 


Calcium 






Ca" 


40 


Magnesium 






Mg" 


24 


Zinc . 






Zn" 


65 


Cadmium . 






Cd" 


112 


Cobalt 






Co" 


58-8 


Nickel 






Ni" 


58-8 


Lead . . , 




• a 


Pb" 


206 '4 


Sulphur in the sulphur<7z/j sti 


ite . . S" 


32 i 


Mercury in the mercur?V stat 


e . . Hg" 


200 ! 


Copper in the cup«V state , 


Cu" 


63 


Iron in the ferrous state 


Fe" . 


56 


Manganese in the mangan^w 


s state . Mn" 


55 


Tin in the sta.nnous state 


Sn» 


118 : 


Triads — 






Boron .... 


B"» 


" i 


Gold . 






Au"i 


196 


Aluminium 






Al"' 


27*5 


Chromium . 






Cr"i . 


525 


Phosphorus 






pm 


31 


Nitrogen . 






! N"' 


14 


Iron in the ferric state 


Fe"i \ 
i . . As"i 1- 


56 1 


Arsenic in the aiserdims state 


75 


Antimony in the antimoniw^. 


f state . Sb"i 


122 


Bismuth in the hismuthous s 


tate . . Bi"' / 


210 


Tetrads— 


1 




Carbon .... 


0^ 


12 


Silicon .... 


Si»v 


28-5 


Platinum .... 


Ptiv 


1967 1 


Tin in the stann^V state 


Sn^v 

1 


118 ' 

1 



S 2 
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579. We shall in another chapter explain how atomic and 
molecular weights are determined. 

Examination Questions. 

435. Define 'element,' 'compound,' 'equivalent,' 'atom,' and 
jnol«iaIe.' 

436. How do jou distinguish chemical aSinity from the other mole- 
Silar forces ? 

437. Slate the relation that generally exists between (he sp. gr. of an 
Semenlary gas or vapour compared with hydrogen as unity, and ils atomic 

e the molecular weight of a gaseous orvaporis- 




CHAPTER XI 

EXERCISES— n ASIC i 



. Nomenclature is the spoken language of chemistry, 
as notation is the symbolic written language of the science ; and 
to explain the rules for naming and symbolising 
dhemical compounds. We will commence with binary com- 
pounds, that is compounds which are composed of two ele- 
jnents only. The name of one of the elements in these com- 
pounds ends in tde, as owr/*, sa\phide, hyAride, &c. If the 
mmpound consists of a metal and non-metal, it is the name 
of the non-metal that terminates in ide ; and the name of the 
metaJ is now most frequently placed first, as potassium oxide, 
sodium sulphide, magnesium chloride, &c. When the two ele- 
ments in combination are both non-metals, there is no exact 
rule as to which of the two names shall end in ide, but which- 
ever name is made to end in ide it is placed last, as in the 
previous examples — thus, phosphorus chloride. Formerly the 
name of the non-metal was placed first. Examples : oxide of 

Lzinc, chloride of sodium, iodide of lead, &c ; and this method 
of naming binary compounds is not yet obsolete. 
581. Many of the elements unite, as we are already aware, 
in more atomic proportions than one, forming seveva-l d'.?to\'A 
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ly be placed either above or below the line, not upon 
it A large figure placed upon the line denotes the number 
.of molecules of a compound on the right of it ; thus, aCrjOa 
lotes 3 molecules of chromium sesquioxide ; the figure on 
line multiplies all that follow, up to a comma, full-itop, or 
sign, not beyond these signs. When a compound is com- 
;d of two other compounds, it is usual to separate the 
' molecules by a comma. Example: aKCljPtCU. ^^Tien a period 
is placed between compounds it indicates that they are in less 
intimate union than if they had been separated by a comma. 
' For instance, in the formula for crystallised sulphate of mag- 
nesium and potassium, MgSOj.KaSO^.eHjO, the compound 
MgSOj is supposed to be more intimately united with K^SO, 
than with the 6H3O, which may be expelled by heat.' The plus 
sign is sometimes employed in place of the full-stop. As a 
figure upon the line multiplies only up to a comma, full-stop, 
or plus sign, it is necessary, when we have to express more 
than one molecule of a substance, in the formula of which one 
or more of these signs have to be employed, to enclose the 
formula in a bracket, and place the number outside it, either 
before or after. Examples: 2{MgS04, K2SO4.6H2O) ; (ZnCl;,, 
zNaCl),,. 

Exercises on Notation. 
44a. Explain the fuUowing furmul^, the term formula being applied tu 
a. group of two or more symbols ; the ''tudenl is not expected to give the 
I names of the compounds : 

Ba(NO,)p ZnCl,, 2KCI. z(KI,Hgr,), 3(H,0), 3(FeSo„7H,0). 
""„3NaF. A![PO,). 

584. The student has already been informed that there are 
r ditFerent classes of compound substances, viz., bases, adds, 
r, and indifferent bodies. We have now to make the student 
e fully acquainted with bases, acids, and salts, and we shall 
mmence with the basic bodies. 

: are bodies which unite with acids, and form with 
1 the class of compounds termed salts. There are three 
;s of compounds to which the term base is applied. These 

ist Compounds composed of metals, or compound radi- 
'i plsytDg the part of metals and oxygen. Example : — 
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Xl.-!-, yH,^r.Z]i''lL J*' /y^ Tic iases of this dass are 

^nii. ^.:^x^c1zzzl2^ rzazcvasec of TP^t*'^, or compound radi- 
nis z^ETjvz zie "larr icsiszi&jDdiiieiimralentzidicalhydroxyl 
H: . >-CTTTTl:i> XlHO. XH^HO-Zn H,0^ Fe"',HA- 
.le rasis ic-fns :f£Bs ir regacoch' called bydiated bases. 

^r^L r.nnrtnrmTf ■ in. irww? of h udiugoi and nitrogen, and 
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i3i 5rr=izjK oc ibese bases and the other typical 
'— c^c CDis wt:5c±i f:iIcT. he wSL encoonter difficulties that he 
Tr7'~c r*3C e::cccr::er rf be bad foGowed the advice given him. 

5S& The r:2=>es r^cec in d^ Ivackets, in the following 
-=^^ ^<^^ ibe cocr=e:c£iI 3::c commoo names of the substances, 
15 :3r exunpLe. ci::s6c rcash. cacsdc soda, quicklime, slaked 
lint^ Arc. 

587- Tbe srjcent wZ not till 10 notice that the hydrates of 

"^ of the oxices ire not dvai in the table : whether the 

xices of these me:iil5 can form hvdiates or not is uncertain ; all 

tna: can be said is, they r-ive not yet been obtained. The term 

kydrated was appaed to the bases which contain hydrogen as 

well as ox\-gen when it was thought the whole of the hydrogen 

^w^as united with a portion of the oxygen in the proportion to 

form water. The hydrated bases from this point of view are 

4:rompounds of the oxides of the metals and water, and their 

formulae, in accordance with this view, are thus expressed : 

f'otassium hydrate, K30,H20, Barium hydrate, BaO,HjO, 

^^nnic hydrate, Sn02,2HA Ferric hydrate, Fe^OajsHaO, 

^Ao ' t^ ^^^^ "^^^ ^^ representing this class of bases is still 

"^ the tah^^ ^^"^^ chemical writers. Instead of the formulae given 

^ fK ^^^ *^^ ^^ss of bases some chemical writers represent 

^% studen^~~.^^0' Ba(OH)„Sn(OH)„Fe(OH)e, &c ; but, as 

'*■ "»: Will not fail to see, these formulae, and those given 
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in the table, are really alike ; the only difference being that ii 
the latter case the formula of the hydroxyl is placed in a bracket, 
and the number of molecules is indicated by a figure after the 
bracket It is immaterial which plan the student follows. 

588. The bases, both anhydrous and hydrated, are usua 
divided into the four following orders, viz., alkalies, alialati 
earths, earths, and the oxides of the heavy metals, 

589- TheArabiansintroducedthe term a'/*a//'into chemistry; 
they discovered a substance possessing certain properties in the 
ashes of plants called kali, and to this substance they gave the 
name alkali by prefixing the Arabic definite article Al t 
word kali. The alkalies given in the table are potash, sodil|9 
lithia, and ammonia ; there are some other alkalies beside 
these, but they are the oxides of some of the rare metals, s 
therefore they are not given in the list. 

590. Potash and soda were, when first discovered, 
founded together : the ammonium base resembling them w 
much in proj^erties was likewise termed an alkali, 
ammonium aliali being volatile was called the volatile alkali^ 
and potash and soda not being volatile were called the fixik 
alkalies. The ammonium base was also termed the c 
alkali, being derived from animal matter ; whilst soda w; 
tf/w^rdif alkali, being derived from rock salk, or the ocean ; and^ 
potash received the name of the vegetable alkali, from its only 
known source at that lime being the ashes of plants gromng 
upon land. 

591. The alkalies are very much more soluble in water than 
the next class of bases ; but they vary in solubility, lithia and 
its carbonate being more insoluble in water than the other three 
alkalies and their carbonates. The great solubility of the 
alkalies in water in comparison with the other bases is one of 
their distinctions ; they restore the blue colour of reddened 
litmus ; they turn the yellow of turmeric bro^vn ; and they 
neutralise the strongest acids. The metals of the alkalies are 
termed alkaline metals, and NH4, as it has the same functions 
as a metal, is called the compound metal ; it is as yet a 
hypothetical compound, for it has not been isolated. 

592. Baryta, strontia, lime, and magnesia are tei 
alkahne earths ; they are far less soluble in water than I 
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alkalies ; magnesia indeed being only very slightly soluble in 
water. They react faintly alkaline, that is to say they react on 
reddened litmus paper, and on the colour of turmeric like the 
alkalies, but more faintly ; and they neutralise acids. They 
are distinguished from the alkalies by their carbonates being 
insoluble in water. Their metals are called the metals of the 
alkaline earths. 

593. The only oxide we have given in the list belonging to 
the order of earths is alumina ; the other oxides belonging to 
this order are the oxides of some of the rare metals ; they 
do not, therefore, come within the scope of this work. The 
other earths, as well as alumina, are insoluble in water, and 
have therefore no action on reddened litmus or on the colour of 
turmeric. 

594. The remaining basic oxides in the list are sometimes 
termed the oxides of the heavy metals ; many of them are 
coloured, and are easily fusible or volatile ; they may be said 
to be insoluble in water, although some of them exhibit a 
certain degree of solubility in that liquid, alkaline reaction, and 
metallic taste. Their affinity for acids is in some cases greater, 
in others less, than that of the earths. A few of them, as the 
auric and platinic oxides, have almost equal claims to be 
classed as acids, as they combine with strong bases. 

59s The heaviest metals of this class of oxides are called 
noble metals, as mercury, silver, gold, platinum, and some o f 
the rare metals. As regards the term heavy applied to metals , 
we may observe, it was universally believed at the commence- 
ment of the present century that every metal must possess a 
comparatively high sp. gr. — that is, must be considerably 
heavier than water. But on the discovery of potassium and 
sodium this view was found to be incorrect, as they are lighter 
than water. And lithium, which was isolated later, is the 
hghtest known solid. 

596. We requested the student to commit to meirory the 
names and formulae of the anhydrous and hydrated bases, not 
only for the reason that they are a most important class of 
mpounds, and are therefore being constandy met with and 
Bluded to in chemical writings ; but also because they are the 

T of the composition of the banc sulphides, selenides, and 
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hydrogen, on account of its weak basic character, has been 
combined with only two, hydrobromic and hydriodic, acids. 
Tbett are two other hydrogen compounds which have a close 
afiinit}- with the two we have just described ; these are arse- 
nuretted hydrogen (HjAs), and antimonuretted hydrogen 
(HjSb) ; these two hydrogen compounds have not been com- 
bined with acids, but when the hydrogen has been replaced 
by comjKtund radicals they behave with acids like the similar 
compounds of nitrogen and phosphorus. Nitrine is the 
name for ammonia, phosphine for phosphuretled hydrogen, 
arsine for arsenuretted hydrogen, and stibine for antiraonurettel 
hydrogen. 

Examination Questions. 



447. \Vhy have the bases that are insoluble, unlil:e those that at 
soluble, in walei no actiuQ on paper stained withtunneric or wilh reddened 

601. By means of the following table the student wiU 
learn not only the bases that are soluble in water ; but whicli ' 
of the bases, insoluble in chat liquid, are soluble or insoluble in 
the fixed alkalies, and Jn the volatile one. This table is given 
as we have now to make the student acquainted with methods 
for obtaining the anhydrous and hydrated bases ; and from the 
experiments and descriptions he will also become acquainted 
someextetit with the individual properties of the different basffl. 

602. The bases which are soluble in water, and not volatile, 
can be obtained in their anhydrous state in two ways : — r. ^. 
btirning the metals in dry air or oxygen gas. 2. By decomposing^ 
those of their salts the acids of which are volatilised by heat. 
Nitrates and carbonates arp the salts particularly employed 
for this purpose. K^O ana Na^O are prepared by the first 
method ; LijO, BaO, and SrO are prepared by igniting their 
nitrates ; CaO and MgO ard prepared on a large scale by 
igniting their carbonates. i^\ my readers must have seen 
limestone, CaCOj, converted into lime (quicklime) CaO by 
burning the CaCoj in a limekiln. 

603. These bases can be obtained in the hydrated states by 

I The rest of the chapter mvit ttfatsfd aver far tkefrtsent, 
ii given iiyhtn Ihi slhdint h to stud} " . . . .. 
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treating their anhydrides with water : we all know that calcium 
hydrate, slaked lime, is obtained in this way on a very large 
scale ; and the union of the two comiiounds, we also knoi 
attended with a great evolution of heat. KHO and NaHO are 
prepared on the large scale by dissolving their carbonates in 
water, and adding Co the solution slaked lime ; the lime removes 
the COj by combining with it, forming insoluble carbonate of 
lime ; the KHO or NaHO, as the case may be, 
solution. BaHjOj is prepared on a large scale by heating 
BaCOa in earthenware retorts and passing superheated steam 
over it ; the following decomposition takes place- 
BaC03 + HjO= BaH,0j+C03. 
MgHjO^ can be obtained by adding to a magnesium salt a 
solution of caustic potash or soda, as shown in the table. 

604. The bases soluble, and most of those insoluble, in 
water, on being set free from their salts in aqueous solutions, 
combine with one or more molecules of water, the hydrated' 
base being of course formed. 

60s The term caustic, when applied to potash and soda, n 
caustic potash, &c., signifies the' hydrates of these i 
the term caustic is only applied to baryta, strontia, Hme, and 
magnesia in their anhydrous state. 

606. We will direct the student's attention to the fact thai 
anhydrous potash, soda, baryta, and strontia cannot be obtained 
from their hydrates by heat, as water cannot be expelled fronit 
them by simple ignition ; we shall have to call his attention to 
this fact again presently. 

6o7- The bases insoluble in water can be obtained i 
their anhydrous state by several methods : — r. Many of the 
metals of these oxides unite with oxygen at high temperatures J 
when the metals are easily volatile they bum with a bright 
flame in the air or in oxygen, A few metals, such as gold and 
platinum, cannot be made to unite directly with oxygen even 
at the highest temperatures. The oxides of such metals can, 
however, be prepared by indirect means. Chlorine attacks 
al! metals, and if the chlorides of these metals, which are n 
directly oxidisable, be decomposed by an alkali, their oxidefl 
; formed, thus : — 

2Aua-|-2KOH=AujO + 3KCl + HjO. 
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2. By decomposing those of their sahs the acids of which 
are volatile, by heat. 

3. They are not t:nfrequently prepared by expelling water 
from their hydrates by heat. 

608. Most of these oxides, as shown in the table, form 
hydrates ; and they are always obtained in their hydrated state 
by decomposing some one of their soluble salts when in a state 
of solution by an alkali or an alkaline earth; an alkali is preferred 
in the generality of cases to the latter. In the table their 
solubility or insolubility in the fixed alkalies and ammonia is 
shown. Now if a salt is decomposed by an alkali — volatile or 
iixed — in which the oxide set free from the salt is soluble, none 
of the liberated oxide will be dissolved if just sufficient alkali is 
added to combine with all the acid radical of the salt ; if less 
of the alkali is added than is sufficient to combine with the 
whole quantity of the acid radical, then Si. portion of the salt will 
remain undecomposed ; but if a larger quantity of the alkali 
is added than is necessary to comdinev/ith the acid radical, then 
some of the insoluble oxide will be dissolved in the excess 
quantity of the alkali, and if a sufficient excess is added, the 
whole of the insoluble base will be dissolved in the excess 
quantity. 

609. Some of the hydrates possess a different colour to what 
the same oxides do when anhydrous. 

610. We have now to consider the third class of bases, 
especially ammonia or nitrine ; and with nitrine we shall 
connect ammonium, ammonia (NH4HO), and hydroxalamine 
(NH,HO). 

611. NH4 has not yet been obtained in the free state, but 
it exists as the basic radical in ammonium salts. It is a monad, 
and it is thought that if it could be obtained in the free slate, 
it would possess metallic lustre, and the other characteristics of a 
metal, for it forms an amalgam^an unstable one — with mer- 
cury, which has a metallic lustre like all other amalgams. One 
method of preparing this amalgam is by pouring into a slightly 
warmed solution of NH4C1 an amalgam of potassium or sodium; 
KCl or NaCi is formed and the ammonium amalgam, which 
rapidly decomposes into Hg, NHg, and H, If I were teaching 
a class of students they might very naturally say to me that the 
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formation nf the amTronium amalgam was satisfactorj', as ti 
it goes, to prove that the radical NH, exists in the 
salts ; but why, as stated by chemists, this radical, if it exists in 
the ammonium salts, has not been obtained in the free state^ 
like the simple metals to which it corresponds in functions, 
would be a very fair question for any student I was teaching 
directly to ask me. It is a still more pertinent question to ask 
by those who are only taught by me through the pages of this 
book, and I feel bound to answer it. In decomposing any 
ammonium salt by a metal, the NH„when set free, decom- 
poses at the moment of liberation into NHj and H ; pos- 
sibly hereafter by conducting the decomposition at a lower 
temperature, or under greater pressure, or under both these 
conditions, than has yet been done, it may be obtained in the 
free state. The anhydrous oxide (NH,)20, and the bydrated 
oxide (NHjHO) have neither of them been obtained in their 
free state. When a solution of ammonia, which is considered 
to be a solution of NH4H0, is exposed to the air, NH, escapes 
from it, even at common temperatures, and still more rapidly 
at higher temperatures ; also, when an ammonium salt io 
solution is decomposed by another base, NH3 is set free and 
not (NH,),0, thus, 

(NH^).,SO, + 2KHO=NH3 + KsSO,+aH^O. 

As NH3 escapes, like HCl, from an aqueous solution at common 
temperatures, an aqueous solution of ammonia was long con- 
sidered to be, like a solution of hydrochloric acid gas in water, 
merely a mechanical solution of NH3, no chemical union 
taking place between the NH3 and H^O ; espedally as the 
odour and other properties of the solution are the same as those 
possessed by the gas NH3. But this view is no longer held ; 
it is now considered that the ammonia solution is a solution o( 
NHjHO. Amongst other reasons for this view, all the four 
atoms of H in ammonium have been replaced by compound 
radicals having the same functions as H. Ammonia occurs in 
small quantities in the air, and it is present in rain water and 
in fertile soils ; it is formed during the decay of animal and 
vegetable substances containing nitrogen ; and some organic 
substances containing nitrogen when boiled io a solution of 
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caustic potash are decomposed, the nitrogen being converted 
into NH,. We have learned that it is evolved on decomposing 
ammonium salts by other bases ; and that iviien it is passed 
into water, it is dissolved and converted into NHjHO. 
Mydroxylamine, or Oxyammonium, NHjO ; this substance is 
a base, and combines, like NH,, directly with acids forming 
crystal li sable salts. It is formed by the direct union of H with 
NO ; it is very volatile, and is easily decomposed, and can be 
obtained only in solution. Its salts are decomposed by KHO, 
with evolution of N and formation of NHg. 

6ia Phosphine. Arsine. — Three compounds of P and H 
have been formed, but we shall only notice the one having the 
composition PHj, and we only notice this on account of its 
basic character. It is a colourless gas, having an odour resem- 
bling that of garlic ; it is very poisonotas ; it is combustible 
both in air and oxygen. It unites directly with HCl.HBr, 
and HI, forming compounds analogous to the haloid salts of 
ammonium, phosphonic bromide, PHj,Bt, for example. It can 
be prepared by several different methods ; one of the easiest 
ia to treat calcium phosphide with water : — 
L Ca3P2 + 6H,0=2PH3 + 3CaHaOi. 

P Arsine is a colourless gas, and is one of the most poisonous 
substances known. When exposed to a low red heat, without 
access of air, it is decomposed into H and As. It has not been 
combined with acids, but when the hj'drogen is replaced by 
compound radicals, these compounds are basic. It is pro- 
duced in all cases when nascent hydrogen and arsenic are 
brought together, especially in acid liquids ; see exercise 717. 
This conversion of the As in its compounds into AsHj is em- 
ployed for detecting minute traces of As ; it is called Marsh's 
test. 

613- On account of the basic hydrates being formed by 
the action of water on the anhydrous bases, it was long held by 
chemists in all countries that they were therefore compounds 
of water and the metallic oxides ; but as far back as 1834, the 
late Mr. John J. Griffin, the well-known manufacturer of scien- 
tific apparatus, made the following statement with regard to 
these compounds in a book he published in that year. ' Every 
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chemist but myself assumes the hydrates of metallic pro- 
toxides to consist of metallic protoxides combined with water. 
They make this assumption even in cases where the hydrates 
have been exposed, under common atmospheric pressure, lo a 
«;//««/, without suffering decomposition, or giving off a particle 
of steam. But my opinion is that the hydrates of the metallic 
protoxides contain neither protoxides nor water, but are con- 
stituted of one atom each of metal, oxj'gen, and hydrogen. 
This is the ultimate constitution. What the proximaie consti- 
tution is, I cannot tell. It may be KH-fO, or KO-(-H, or 
K + HO i we have no means of determining which. I rest upon 
the uhimale constitution.' Some years after Mr. Griffin had 
published his views, the late eminent French chemist M, 
Gerhardt published similar views, and employed the same line 
of argument as Mr, Griffin had done. 

614. We will now give a summary of the action which bases 
exert on salts, 

615. When a salt is brought into contact with an addi- 
tional quantity of the same base which it already contains, no 
reaction ensues, unless the acid of the salt can form a salt more 
basic than the original one. If potash be added to a solution 
of potassium sulphate, and the liquid evaporated, the original 
sulphate crystallises out unchanged. In other cases, combi- 
nation ensues : thus, potash added to a solution of potassium 
disulphate produces the neutral sulphate. 

616. If the base added to a saline solution is different from 
that existing in the salt, the original salt is frequently decom- 
posed, and a new one formed ; and the decomposition is 
determined by circumstances analogous to those which cause 
the reaction of acids on salts. 

isL Generally speaking, a soluble salt, in a stale of solution, is 
decomposed, when tht reading base can form an insoluble salt iinti 
the acid of the salt- If baryta be added to a solution of potas- 
sium sulphate, barium sulphate is precipitated, and caustic potash 
remains in the liquid. Baryta also decomposes potassium carbon- 
ate in a dilute solution, and barium carbonate is precipitated. 



e have learnt in par, 603 that caustic potash and soda are ni 


lanufflcturcd 


r earbonalea by removing the CO, by means of slaked lli 




with the lime an inscdubte rait. 





The Action of Acids axd B.-isas on Salts lyy 

The state of concentration of the liquids exerts great influ- 
ence over these ■ decoraposilions ; for, if barium carbonate is 
boiled with a concentrated solution of caustic potash, a consi- 
derable quantity of carbon dioside is abstracted from it, and 
potassium carbonate is formed. 

If thebase of the original sah is insoluble it is precipitated, as 
weO as the insoluble salt which has been formed by the union of 
the base ivhich was added with the acid in the salt employed. 

znd. A soluble salt contacting an uisolubk base is dKOm- 
posed on adding to its solution a soluble base. The soluble base 
decomposes the salt by taking away the add oxide from the 
insoluble base ; the latter — viz., the insoluble base^being set free 
will consequently precipitate, on account of its jnsolubihty in 
the liquid. The bases, when set free in this manner, combine, 
with one or two exceptions, with water; this compound of the 
base and water is termed the hydrate of the base, whatever 
base it may be. 

a. Some of the insoluble bases are soluble in solutions of the 
soluble bases, as shown in the table, and we here add a few 
examples : — Oxide of zinc is soluble in solutions of the fixed 
alkalies and ammonia ; ferric oxide is insoluble in the fixed 
alkalies and ammonia ; alumina is insoluble in ammonia, but 
soluble in the fixed alkalies ; cupric oxide is insoluble in the 
fixed alkalies, but soluble in ammonia ; magnesia is insoluble in 
ammonia and the fixed alkalies, but the volatile alkali cannot 
precipitate it from its solutions when salts of ammonia are 
present, and the fixed alkalies can only do so partly when these 
salts are present. 

b. It has already been slated that if, to a solution of any of 
the soluble salts of the insoluble bases, a soluble base is added, 
the soluble base will take away the acid from the insoluble 
base ; the latter (viz., the insoluble base) being set free, will 
consequently precipitate, on account of its insolubility in the 
liquid. If a soluble salt of an insoluble base is decomposed by 
a soluble base, which dissolves that insoluble base, the insoluble 
^iwewill be completely precipitated il the soluble base is added 
only in sufficient quantity to take away the acid oxide from the 
insoluble base \ but if more of the soluble base is added than 
is necessary to remove the acid oxide from the insoluble base, 
then in the excess of the soluble base the insoluble base d\s,- 
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solves ; as an example, add to a solution of zinc sulphate 
ammonia, drop by drop, until a precipitate is formed ; if the 
addition of ammonia is continued after the formation of the 
precipitate, the precipitate will finally dissolve in the free, thai 
is, in the excess of ammonia. 

3Td. An insoluble metallic oxide sometimes decomposes a salt 
formed by a base equally insoluble. Thus, oxide of silver de- 
composes nitrate of copper in solution, precipitating oxide of 
copper ; the decomposition is determined, in this case, only by 
the preponderating affinity of oxide of silver for nitric acid. 

4th. IP'hen the base of a salt is volatile, it is generally expelki 
by a more fixed base, particularly when assisted by heat 

Experimental Exercises on ike Preparation of the Anhydrous 
and Hydraled Bases. 

448, The e);perimenls ought to be made hy each of the students ; anci 
whenever it is not otherwise stated, they ought to conduct the operalions 
in test-lulies. When wnnt of room, or other causes, prevents the slmtcnl 
from performing the experiments for ihemaelves, the teacher ought [o pcr- 
farm them. Dissolve Uie solid suhstances in water,' in the jiropuruon o( 
one part by weight of solid to ten parts by weight of water; and dilute ihe 
acids and ammonia - in the proportion of one of acid or ammonia to four 
of water, and use these dilute solutions always, unless expressly dirCCIdl 
to use the concentrated. Caustic soda and caustic potash can be used in- 
discriminately ; and they may be used as obtained from the operatise 
chemist's. 

449, Mix quicklime and solid ammonium chloride ti^ether, anii inlto- 
duce the powder into a Oask and apply heat ; nitrine will be evolnd 
and calcium chloride formed. This experiment exemplifies the ruie slated 
at par. 616— 4th. 

450. Dissolve one part of potassium carbonate in about ten parts of 
water. Boil the solution, and then add to it slaked Iraie (which has been 
made into a thin paste with water) until the clear solution no langci 
eflervesces on the addition of hydrodiloric acid in excess. The lime re- 
moves COj, forming with it ctjdum carbonate, which, on account nf iis 
insolubility, precipitates ; K,0 is set free, and instantly combines with 
water, forming caustic potash, which dissolves in the water. This eiiperi- 
ment may be made in a flask; and exempli6es the rule slated at par. 
6t6-lst. 

451. Add to a solution of sodium sulphate a solution of barium hydtalci 
barium sulphate will be formed, which, owiug to its insolubility, will pre- 
cipitate, whilst the Na,0, on being set free, will combine with water and 
form the hydrate which will dissolve in the liquid. This experiment exem- 
plifies the rule stated at par. 616 — ist. 
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453, Add ammonia la a solutioa of ferric chloride 1 n urecipilale 
(Fe,HjO„) will be formed, which will cemain undissolved on Ihe further 
addition of ihe alkali. This experiment exemplifies the rule staled at par. 
5l6 — and. 

453. Ignite bLtmulhous nitrate or carbonate in a porcelain crucible, the 
acid radical will lie espelled, and Bi,0, will be left. 

454- Add ammonia to a solution of aluminium sulphate [common alum 
can be employed) ; a precipilale (A!,H,0,) will be formed, which will not 
be dissolved on Ihe further aiidilion of ammonia (par, 616 — ^2nd.) 

455. To a solution of chromic chloride add a cold solution of caustic 
soda, until the precipitate which first appears is redissolved, then boil the 
solution until the hydrate once more precipitates. 

456. Ignite some dry nickelous hydrate in porcelain crucible, water 
will be expelletl, and nickelous anhydride left. Observe the difference in 
colour between the anhydride and the hydrate. 

457. To a solulion of alum add caustic soda, until the precipitate which 
first forms is redissolved, then add hydrochloric acid until the solution 
manifesls an acid reaction, and finally ammonia in excess. 

458. Add caustic soda to a solution of ferrous sulphate. Boil another 
portion of the solulion of the iron sail with a few drops of nitric add until 
It becomes peroxidised, which will be indicated by the solution becoming 
yellow ; when this is attained, add caustic soda in excess. Observe Ihe 
difference in colour between the two precipitates. 

459. Take three portions of a solution of cupric sulphate ; to one add 
ammonia until the precipitate, which is first formed, redissolves ; to the 
second portion add caustic soda in the cold. Boil the third, and add to it 
caustic soda. 

460. Ignite cobaltous hydrate or cobaltous carbonate out of contact 
with the air ; ineithercaseCoO will be lefl ; but if either of them Is healed 
in contact with air, Co,0, will be formed. These examples are given to show 
tbe student that not in all cases is the anhydride obtained if the hydrate or the 
carbonate is heated in contact with air (par. 616 — and). To a solulion of 
magnesium sulphate add ammonia, which will precipitate a portion of the 
magnesia as hydrate. To a solution of the same salt add ammonium 
chtoiide and then ammonia : in this case the ammonia will not produce a 
precipitate, as the oxides which are insoluble in ammonia, and yet not 
precipilated by it in the presence of ammoniacal salts, form with these sails 
doable soluble salts, from which combinations the ammonia cannot predpi- 
lale them (par. 616- 2nd,a). 

461. Mix tt^ether a solution of a ferric salt and a solution of aluminium 
Hllphate (common alum can lie employed), add caustic soda in excess to 
the mixed solulion ; FejH,0, will be precipitated ; boil and filter. To the 
filtrate add hydrochloric acid in excess, and lastly ammonia, to precipitate 
the alumina ; this illustrates one of the modes of separating the insoluble 
bases from each other, and delecting Ihe different bases. 

I3. Ignile cobaltous nitrate in a porcelain crucible ; Co^Oa and not 

will be left. This experiment is given to show the student that not 

is the anhydrous protoxide of the metal left on the ignition of 
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463. Dissolve some ammonium sulphate in water, place it in a stoppered 
TQtoit, then pour into the retort some solution of caustic soda or potash ; 
after liie addition of the alkali and the retort being connected with the con- 
denser and Ihe receiver in its place, heat is to be applied by means of a gas- 
lamp or other heat source, and three-fourths of the liquid distilled over. 
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The dislillale will be found lo contain, from the smell, inimania ; and 
will of couiae tum m/lilmus paper blur, and turn turmcrie papet 
This experiment exemplifies Ihe mieslated at par. 616—4111. 

Examination Questions. 

464. Give as many methods as you i;an for obtaining cupric Cudde 
the anhydrous state. 

465. If you add lo a soluble sail, the liase of which is iusoltible 
water, a base which forms, with the acid oxide of the salt, a salt insQluh 
in water, what will be the result I 

466. If you are directed to add to a salt a base in exces, or not i 
excess; whal is meant ? Illustrate your answer by showing, bpy means 1 
chemical equations, Ihe chemical changes that would take place oaaddioi 
and not adding, ammonia in excess to a solntioo of aluminium sulphate. 

467. If I bum one Ion of limestone, how much quicklime ought 1 1 
obtain » 

468. If I had to decompose 1 cwl. of NH.Cl with CaJI,0„ how nrac 
of the latter substance must I employ, and how much NH, would be b 

469. I wish to prepare to lbs. of BaO by igniting lia(SO,)r Ho»' 
much of the nitrate must I employ?' 



CHAPTER XII. 



-QOESTIONS— THE 1 

617. Some of the substances belonging to the class di< 
bodies termed acids were known at a very early period 
the word acid, which is equivalent in ordinary language to 
sour, indicates one of the properties of the soluble acids, for 
they have a sour taste, Lavoisier, after he discovered oxygen, 
found by experiment that several acids contained this newly 
discovered substance ; he concluded, in consequence, that 
oxygen was a constituent of all acids, and that it was the addiff- 
ing principle. According to this view an acid is an oxidiai 
body having a sour taste, reddens blue organic colouring 
matters — litmus for example— and neutralises alkalies. Bui 

I The sludenl must nmu passim to far. 639, Chaf. XII. , asd cOw^liU Ik 
studj tifOiat ekapltr. 
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this definition was shown, some time afterwards, to be too 
limited, as a large class of bodies became known which 
possess all the properties of acids, and do not contain 
oxygen as a constituent. Moreover, there are some bodies 
which, from their insolubility in water, have no sour taste or 
action on vegetable colours, yet from their behaviour with 
bases ate regarded as acids ; and some bodies admitted to be 
acids are even unable to neutralise completely the alkaline re- 
action of the alkalies. 

618. In accordance with the most recent views, an acid 
u may be defined as a compound containing one or mote atoms 
I- of hydrogen, which become displaced by a metal v/hea the latter 
is presented to the compound in the form of a basic hydrate ; 
the compound produced by the metallic substitution is termed 
a salt. The hydrogen capable of being so displaced may be 
conveniently termed displaceable hydrogen. 

619- Examples of the substitution of a metal for the hydro- 
I gen in acids ; 

ist Example ; Substitution of potassium for the hydrogen 
I in hydrochloric acid : 

HCl + KHO = KCl + HjO 

Hydrochloric Potassium Potassiu 






hydra 



chloride. 



!nd Example : Substitution of potassiu 
\m nitric acid : 

HNOj + KHO = KNO3 



■\ for the hydrogen 



3rd Example t Substitution of one atom of potassiu 
r'one of the atoms of hydrogen in sulphuric acid : 

H,SOi + KHO = KHSO^ + H,0 
Sulphuric Hydric 

sulphate. 
4th Example : Substitution of two atoms of potassiu 
o atoms of hydrogen in sulphuric acid : 

H^SO* + 2KHO = K^SO, + aHjO. 
<520. The student must not conclude that the hydrogen i 
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;Adi£.^aiO[e r.jcriii^si ic^ sac I:/ xe .aubbt r juat cuiijyiiiB'g 
V;:;tst iodr. ii^cc::^ £re udd vj bt inhasLi Jbc Aciffi jx patti 

624. 'ii^'rjer. £ becacze a^^^nmsfr i^ia: ^msk wcsase ju3& das 
Vvr,idi?;rAS3^ r>'> c«j2£a, djer -wssnt £«i5s£ ttcs nR& grains, ta. 

;r.d;v;'frr. .%-vId-, fr'^T.-: tr.c;5>f: -H-li^J: irers :*rzKsi ^rriy*:i mjs. « 

a^^'^ the se^or-d 5e: »-£ -"tT^ t^rs Adds cccirtzrar /-.sp-jraMXi 

625- I" t-'.t jst of oxygen acids, 2. -is: oc'rae c:xTssccocie 
a/,;d anhjdridti is giver.. TTje word ajiydiide sgriiSes cesc^* 
of water, ar.d is applied here to the cgsxzec cocipocrhi «c- 
rerfiairii after the removal of thedisplaoeabiSe hpdiwK: :- cce- 
InTAiion with sufHicient oxygen to form mner. Exunpocs : 

^i) 2HXO, - HjO = NjOs 
^2; HiS04 — H4O = SO, 
(3) 2H3PO4 - 3H,0 = PjOi. 

62d The name of the oxygen adds is genetalhr formed by 
adding u as the terminal to the name, or to an abbieviation ot 
it, of the element united with the oxygen. And when the same 
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element forms two acids with oxygen, the one containing the 
least oxygen terminates in ous^ and the other in ic, 

62^. We have given both the old and new names of the 
acids containing non-oxygenated radicals ; but we have not 
given the new and more systematic names of the oxygen acids^ 
as those given are almost universally employed by chemists at 
the present time. The names in italics are the oldest of the 
names given, and they are the common names ; and one of 
them, sulphuretted hydrogen, is still very frequently used in 
chemical writings. The CN in the formula for hydrogen 
cyanide represents the composition of the compound radical 
cyanogen, which can be obtained in its isolated state, and is 
analogous in its chemical relations to the non-metallic elements, 
especially chlorine ; thus we learn that some compound radi- 
cals resemble the non-metals in their chemical relations, whilst 
others, like ammonium, resemble the metals. CN is scarcely 
ever employed as the symbol of cyanogen, Cy being employed 
in place of it. 

628. The names and symbols of the following acids, and 
their anhydrides, must now be committed to memory. 

List of the more commonly occurring Acids. 

Acids contahting nan-oxygenated radicals, 
Neiv Names, Old Names, 

Hydrogen chloride. Hydrochloric acid {muriatic acid) . . HCl. 

Hydrogen bromide. Hydrobromic acid HBr. 

Hydrogen iodide. Hydriodic acid HI. 

Hydrogen fluoride. Hydrofluoric acid HF. 

Hydrogen cyanide. Hydrocyanic acid {prussic acid) HCN = HCy. 

Hydrogen sulphide. Hydrosulphuric acid {sulphuretted hydrogen) HjS . 

Acids containing oxygenated acid radicals. 

Nitric acid {ctqua fortis) , . . . . . HNO3 

Chloric acid HCIO3 

Sulphurous acid ........ HaSOj ' 

Sulphuric acid (^zy^z/^/r?'^/) . . . . . H^SOj 

Carbonic acid H2CO3* 

Oxalic acid HX2O4 

Chromic acid ........ H2Cr04* 

Arsenious acid H3ASO, 

' Sulphurous, carbonic, chromic, and arsenious acids have not yet been 
obtained ; they are supposed to exist in solution, but suffer decomposition when 
their solutions are evaporated. Sulphurous acid has, however, been recently 
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Arsenic acii] . 11^50, 

Tribasic phosphoric acid or ortho phosphoric acid . . H^PO, 

Boric aciJ 01 boracic acid H.BO, 

Silicic acid H,SiO, 

Acid luthydridcs or acid radicals. 

Nilric anhydride, nitrogen pentoxide .... NjOj 
Chloric anhydride (not yet obtained) 

Sulphurous anhydride, sulphur dioxicii; . . , SO, 

Sulphuricanhydride, sulphur trioiide .... SO, 

Carbonic anhydride, carbon dioidde .... CO, 
Oxalic aohydride (not yel oblained) 

Chromic Jinhydride, chrominm tiioxide . , . CrO, 

Arscnoua anhydride, arsenic trioxide .... As^O, ' 

Arsenic anhydride, arsenic penloxide .... As,0, 

Phosphoric anhydride, phosphorous pentoxide . . PjO, 

Boric or boracic anhydride, boron trioude . . . l(,Oi 

Silicic anhydride {silica) SiO. 

629. The anhydrides or, as they are also termed, acid-forming 
(j.v/i/w, were formerly regarded as the acids, and the bodies we now 
terra acids were considered tobecompoundsof waterand these 
acids : carbonic anhydride is even yet best known under its old 
name carbonic acid. The oxygen acids are now frequently repre- 
sented as compounds of the univalent radical A>'a>i3.cj/, HO, and 
an oxygenated radical peculiar to each individual acid. Exs.: 
nitric acid NOa{HO), sulphurous acid SO(H0)-i, sulphuric acid 
SOa(HO)s, phosphoric acid P0(H0)3 &c. When there are two 
or three different varieties of an acid, as in the case of phos- 
phoric and silicic acids, the common one is termed the ortho- 
acid ; ortho-phosphoric acid means the trihydric phosphate, 
ortho-silicic acid means the tetrahydric silicate. The different 
salts of the ortho-acids are also distinguished by the prefix orth< 
as ortho- phosphates, ort ho- silicates. 

630. Some of the acids, such as sulphurous, carbonic, 
chromic acids, are so readily split up, as we have already staled, 
into their anhydrides and water that they cannot be isolated from 
their solutions, as they immediately decompose into these sub- 
stances.' Other acids, on the contrary, cannot be decomposed 

iiblained in combination with \satBr in the form of cubical cjystals on eool- 
ing n solution of ii to 0° C. ; the compound thus obtained has tbe fonnula 

HjSO;;, 14H.;0. 

' This compound is the lekile arsenic of the shops. 
' Sulphiuous acid in combinntion with water of ciysiatlisation 
pointed out in tbe note on page ^83, has recently tieen obtained. 
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to their anhydrides and water ; the anhydrides in these cases 
e obtained from their salts. Some anhydrides, such as chloric 
id oxalic, are so unstable that they have not been obtained. 

631. In some cases there are more than two acids in a series ; 
le sulphur oxygen acid series for example : when only two 
lore were known belonging to the series besides those ending 
1 mis and i£, the prefixes hypo and hyper, derived from two 
reek words signi^ng under and ahtn't, were, and are to some 
[tent still, employed ; thus the acid H5S;03 was named hypo- 
llphurous acid, because it contained a less quantity of oxygen 
n sulphurous acid for an equal quantity of sulphur ; in like 
inner the acid H^S.jOg was named hj'po- sulphuric add. 
lese names are now being replaced by others ; thus, the first 
now named thiosulphuric acid, and the other is called 
^onic acid ; tkio and thion being derived from a Greek word 
^(ying sulphur. The salt, sodium thiosulphite, is largely 
aployed in the arts, and its old name, hyposulphite of soda, is 
II its commercial name. 

fi32. We have shown by examples in par. 625 the decom- 
idtion of the ox>'gen acids into their anhydrides. In the 
composition of the monobasic and bibasic acids there can 
li^ be one stage in the decomposition, as is there shown ; in 
e case of the monobasic acids we see that two molecules of 
e acid are required in the decomposition ; and in the case 
bibasic acids only one molecule of the acid is required. 
In the decomposition of tribasic acids there can be three 
—1st, in which two atoms of acid are required, and one 
d of the hydrogen in the form of water is removed, a tetra- 
'£ add remaining, znd, in which one atom of the acid is 
Hired, and two-thirds of the hydrogen is removed in the form 
*ater, a monobasic acid ranaining. 3rd, in which two atoms 
acid are required, all the hydrogen being removed in the 
m of water, the acid anhydride remaining. Examples : — 

(i) 



aHaPO, - 


- H,0 


= H,P,Ot 


Trihydric 
phosphate. 




Teltahydric phoFphale 
(Pyroph-i^iH-r-- —' ' 


H3P04 - 


- H,,0 


= Hrr) 
Monohydii. , 



' °' - 3H,o = p^o, 

l) Phosphoric 

r ^«» »ai see ih;,, ,. ""'J™'- 



:86 
|i3) 

Th,sC *>/"■' "'"Klrabasic acid" "" " '»» ""fi* i" ll« 

"rS ^^'^ ™'"°'»''- ExaJpt,'''''""'^ '■' ""-4'^ 
'S«.W>i'"'^ "'S». - H.o ■ 



H,SiO, 

(') „ ,.-„ Dihydric .ilioiie. 

H.SiO, _ jjj Q _ (MtMiu,„ij, 
' — SiOi 
(3) Silicic 

^JiemiBts have abandoned ,h "" '"'"''°' 
Ml SoM^ ^'""''""''"'""lisclassnfK^"'" "•'^T^'- 

>£■ Wh=" ,%= » »<'»P'"i. •» "itr„ge"°"l°™ f!'™ "'^ 
of il.e« f.'i S'- . Pen.„,.de ,„ pfe .1 



. . rt^e cotieSPary state, or when dissolved ■ "" ■" "' 

La, which AO ^_a ether vegetable colours. ^ "' "'*« 
ictioit °" B"°»';,„tion of the student was directed i„ ,k , 

6,5. The atte> ,^,1 s„,pi,„, combines with the ^' ^ 

chapStothefa^; s.lph.r compounds are /Jij "^^jV.'lf 
that .Otoe ot 'l"',^ hito that some of these metallic ZlwZ. 

°"''^,A The follo»'M "'"".""""'''''"' ""pounds possess- 
'^/chaVactetB *« " «> "«"»'? '° hring „nder ,he 
'°«.°tt t 'Sent. Thiocarbome ac,d or sulphocarbol 
° ru rs and the S°'P'"" eompoond, CS„ corresponding 10 
»"* "Sde is called carbon disnlphide, but it is better Itnon, 
"t''°^*'°.. by its oW name bisulphide of carbon. Arsenic 
s,S,; arsenic pentasulphide, As^S^; antimony tri- 
\:^ . antimony pentasulphide, Sb.,S., : stannmn 



n commerce 



""hdrAsSr "senic pentasulphide, As,S,; at 
"'^K'/ *^5bSj; antimony pentasulphide, Sb.,S., ; stannoi 
1 hSe, SnS ; stannic sulphide, SnS, ; auric sulphide, Au,S, 
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nic sulphide, PtS2. We shall refer to these sulphides in the 
chapter. 

I37. The anhydrides of the polybasic acids combine with 
ne, forming a peculiar class of acids. Examples :- 
hamic acid, NH3SO3 ; carbamic acid, NH3CO2 ; Oxamic 

, NH3C2O3, &c. 

)38. We have now to direct the student's attention to the 
ing atomicity of some of the elements composing these 
pounds, and first with regard to sulphur. In the table of 
elements we represented it as a dyad, and it acts as a dyad 
igS ; as a tetrad in sulphurous acid and its anhydride ; 

hexad in sulphuric acid and its anhydride. These five 
hur compounds may, therefore, be graphically represented 

:— O 

II 
) H-S— H. (2) 0=S=0. (3) H— O— S— O— H. 

O O 



(4) 0=S=0 (5) H— 0-S— O— H. • 

II 

o 

•Nitrogen in nitric acid and its anhydride, phosphorus in 
jphoric acid and its anhydride, and arsenic in arsenic acid 
its anhydride, are pentads. We show by two examples the 
e of formulating graphically the compounds of the pentad 
lents when they contain the dyad element oxygen ; we 
: already given an example of the mode of formulating them 
1 they only contain monad elements : — 

O 

II 
(i) P— O— P (2) H— O— P— O— H 

I 
O 











1 

p- 


-0- 


II 

-p 


II 






II 





H 

Examination Questions, 

70. Define the terms base and acid. 

.71. What is the valency of carbon in carbon monoxide (CO), and 

•gen in nitrogen monoxide (N2O) ? 

.72. Explain what is meant by the terms monobasic, dibasic, and tri- 

: acids, and give examples of each class. 
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473. Give the graphic fonnub; of arsenoos acid, and its anhydride. 

474. Give the new names of hyposulphurous and hyposulpkl 
acids, and their fnrmulEe, 

475. Give the graphic fonnula of borocic acid. 

476. What is the DEW name for hyposulphite of soda t and giw % 
fotmula.' 

639. 'We will now describe methoiis for obtaining the add! 
and acid-forming oxides, and also some of their properties. 

640. Hydrogtn chloridt. Hydrogen bromide. Hydre^ 
iodide. Hydrogen fluoride. — The first three of these acids ate 
gases, and they are soluble in water ; the fourth is a liquii 
Only HCI of these four acids is met with in nature, and 
it is met with in small quantities only, in certain volcanic 
gases. HCI is obtained by the action of HjSO, on NaQ 
{Ex. 643) and HF by the action of H2SO4 on CaF,. Boi 
HaSOj cannot be usefully employed for the preparation of 
HBr and HI from their corresponding salts, for on theit 
formation a portion is decomposed by some of the H2S04 :— 

HaSOj + 2HBr=Br2 + 2H50-l-SOj. 
They can be obtained by heating one of their alkaline salts 
with HaPOi, and they can also be prepared by acting on their 
phosphides with water. They are very easily prepared in 
solution by suspending Br or I, as the case may be, and 
passing HjS through the water, as both Br and I decompose 
HjS by removing the H and combining with it, HCI in 
solution is manufactured on a very extensive scale, as the for 
mation of NajS04 from NaCl is the first step in obtaining 
sodium carbonate and caustic soda from that salt : HCI is 
employed industrially, but it is more extensively used for the 
production of CI (Ex. 673), the CI being required in the manu- 
facture of the well-known bleaching powder, chloride of lime- 
Cl decomposes both HI and HBr by removing the H and 
combining with it. HI in solution is rapidly decomposed by 
contact with air, the removing the H. 

641. Hydrocyanic add.— This acid is a volatile liquid ; it has 
a strong stupefying odour ; it is present in laurel water, and in 
the water distilled from the kernels of many stone fruits, such 

I The reit of I hi chapter muU be tiiS'cd m-tr f<r the prtunl : ike sludtHl 
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; the plum, the peach, the apricot, &c. Although u valuable 
edicine in small doses, in larger doses it is one of the most 
Iwerful poisons known. It can he prepared from mercuric 
'anide (HgCy ) by adding to an aqueous solution of this salt 
^jSOj diluted with water, and Fe in the state of filings ; on 
lakitig the mixture and then distilling, HCy distils over : — 
HgCy2 + Fe + H2SO^=2HCy+FeSOi + Hg. 

hlorine easily decomposes it. Its compound radical CN is a 
llourless gas resembling the acid in odour. C and N do 
>t unite together when heated alone, but they readily unite 
hen K is present ; thus, by passing pure N or air over an 
nited mixture of carbon and K2CO3, KCy is formed. 

642. Hydrogen sulphide.^Th\s compound is a colourless 
as having the odour of rotten eggs : if inhaled it has a 
oisonous action. It is evolved along with other gases from 
olcanoes, and is present in sulphur waters, as those of 

arrogate. It is generally prepared by acting on metallic 
Iphides, as FeS, with HiS04 ; there must be sufficient water 
esent to dissolve the metallic sulphate formed, otherwise the 
ijSOj will have little or no action on the sulphide. It burns 
air or O with a bluish flame, if sufficient O is present H^O 
id SOa are formed, but if there is an insufficient quantity 
ily HjO is formed, S being deposited. It is soluble in 
,0, from which it is expelled on boiling the liquid. It is in 
squent use in the chemical laboratoiy for precipitating metals 
jm their solutions as sulphides. 

643. Nitric af/i^.— This is one of the acids that is manu- 
ctured on a large scale ; it was formerly obtained from potas- 

>um nitrate, saltpetre or nitre, as it is commercially called, by 
acting upon it with H5SO4 ; but since the discovery of sodium 
nitrate, or Chili saltpetre, as it is frequently called, in large 
deposits in the province of Tarapaca on the Peruvian coast, it 
has been substituted for the nitre, as it is cheaper and yields a 
larger proportion of HNO3. The acid is a colourless liquid 
fuming strongly in the air, and absorbs moisture from the air 
with the greatest avidity. It is powerfully corrosive, cauterising 
the skin and staining it yellow. The acid of commerce con- 
tains about 30 per cent, of water, and boils at lao's" C. It is 
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a powerful oxidising agent, and its action upon metals is of; 
somewhat complicated character, varying not only with difft 
metals, but also, for the same metal, with the strength of 
add employed and the temperature at which the i 
place. Nitrates of the metals are formed, but at ' 
time another portion of the nitric acid is reduced 
lower oxide of nitrogen. All the metals in commoi 
oxidised by HNO3 with the exception of Au and Pt, but tfiJl 
are not all dissolved ; Sn and Sb are left by the acid in tiie 
state of insoluble oxides. We are dwelling on this action of 
HNOj on the metals, because the action of this acid on tk 
metals does not conform with the statement previously made 
that 3 metal can displace the hydrogen in the hydroxyl of tk 
acid ; in ail cases the NOj is partially or completely broken 
up and the metallic oxide formed is then converted into the 
nitrate by the action of some of the undecomposed HNO» 
Examples : — 

(i) Agj0 + 2HN0s=2AgN03+H,O. 

(2) CuO + ?HN03=Cu2N03 + H20. 

We will now give three examples of the breaking up of the 
NO5, or rather, as Jt should be said, of its deoxidation : — (i) 
When Ag is dissolved in the cold in an excess of HNO3, nitrons 
acid (HNO2) is formed :— 

Agj + 3HN'03=2AgN03 + HNOj+H,0. 
When copper and other metals are acted upon by the acid of 
moderate concentration NO is evolved : — 



3Cu + 8HN03=3(Cu2N03) + 2NO+4H,0. 
With a very concentrated acid NO; is evolved ; — 

Cu + 4HNOs=Cu2N03 + 2NOs+2HaO. 
And when the decomposition occurs at a high temperature free 
N is usually disengaged in considerable quantities : — 

SCu + i2HN03=s(CuzN03} + N5 + 6H,0. 
When Zn or Sn is acted upon by a very concentrated acid, not 
only is the NOi completely deoxidised, but NHj is one of the 
products formed :— 

4Zn + 9HN03=4(Zn2N03j+NH3 + 3HaO. 
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644. Nitric anhydride. — This is a white crystalline solid ; it 
^Is with decomposition at about 45° C. It can be prepared 
y acting on anhydrous HNO3 with P3O5 :— 

2HN03 + PjOj = N205 + 2HPO,, 

in also be prepared by passing CI over dry silver nitrate. 
Wo reactions occur in its preparation by this method ; ist, a 
klatile liquid called nitroxyl chloride, NOjCl, is formed ; and, 
s compound reacts on the excess of AgNOg with the forma- 
1 of N,Os. 

(i) AgN03+Clj=N0,Cl + AgCl+0. 
(z) N05Cl + AgN03=N50s + AgCl. 

645. Aqua regia. — We must notice here the mixture of HCI 
5ld HNO3, to which the alchemists gave the name aqua regia 

i power of dissolving gold, the king of metals. It is 
ttiployed for dissolving Au and Pt, and also ores and other 
)dies. The solvent power of the mixture depends on the fact 
1 heating the mixture, CI is evolved, thus ; — 

HN03 4-3HCl=NOCI+Cl.j+2HiO. 

Nitroxyl 

chloriiie. 

646. Chloric acid. — This acid is a syrupy liquid of a yellow- 
ish colour ; it is easily decomposed, yielding up its oxygen, hence 
it is a powerful oxidising agent. Organic bodies, as wool or 
paper, decompose it at once, also sulphur and phosphorus. 
It is prepared by acting on BaaClOj with dilute HsS04 ; the 
reagents must be added in exact atomic proportions, as no 
excess of either must remain. 

647. Sulphurous anhydride. — This compound is a colourless 
gas, which condenses to a mobile liquid when exposed to 
pressure or cold. Its suffocating odour is well known, as it is 
the compound always formed when sulphur is burnt in air or 
oxygen. It may be prepared not only by burning sulphur ; but 
also by heating S and HjSOj together ; also by acting on Cu 
Hg, or Ag with concentrated HsSO^ ; it is made on a large 
scale, for the preparation of the sulphites, bv heating carbon 
and H,SO, together :— 



r 
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(i) S4-iH,SOi=3SOa + 2HaO. 

(2) Cu + 2HjS0,=CuSO, + SO,4-2H,0. 

(3) C + 2H,S04=2SO,-l-C09+zHaO. 

648- Sulphurous add. — This acid is formed by passing SO,I 
into HjO ; the solution has a strong acid reaction, and smellil 
and tastes like the gas. Until recently the acid had not bees I 
isolated, owing to its so readily splitting-up into SO^. and H)0;J 
but it has recently been obtained on cooling its solution to o^ff^ 
It crystallises out at that temperature, the formula of the ci 
being HjSOa + i4HaO. Both SO^ and the solution of H^ 
exert a bleaching action on vegetable colours. The aci^ 
employed in bleaching wool and silk. 

649. Sulphuric acid. — This acid is manufactured onj 
enormous scale, on account of its many and important ii 
irial applications ; the late Baron Liebig after describing s( 
of the most important of them in his work ' Familiar Letters.] 
Chemistry,' goes on to say : ' After these remarks you will pj 
ceive that it is no exaggeration to say, we may judge with g ' 
accuracy of the commercial prosperity of a country from | 
amount of sulphuric acid it consumes.' It is made on i 
large scale by conveying into lai^e chambers made of tea 
dioxide or trioside of nitrogen, steam, and SOa ; the following I 
reaction takes place : — 

SOj+NOa+HjO=H5S04 + NO. 
The NO is converted into NOj by uniting with some of the 1 
oxygen of the air in the chamber ; the NO;, thus re-formed is 1 
again reduced to NO, owing to its yielding up one-half Its ■ 
oxygen to a fresh quantity of SOj, and the NO is again con- 
verted into NOj. This oxidation and deoxidation of these 1 
two oxides of nitrogen ought to go on indefinitely ; therefore, I 
having once started a chamber with a sufficient amount of 
the oxide of nitrogen, no further amount ought to be required ; 
but in practice there is a considerable loss of the oxide, which 
has constantly to be replaced. Formerly the SOj was always 
made by burning sulphur, but now, except when the acid is 
required pure, it is obtained by roasting iron pyrites, FeSj. 
concentrated acid is a colourless oily liquid. The acid haR 
strong attraction for water, it withdraws it from the I 
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iiemisls employ it for drying those gases on which it has no 
action, by passing them through it. So powerful is its attrac- 
tion ior water than w hen an organic substance, as wood, is dipped 
into It, It abstracts oxygen and hydrogen from the substance in 
the proportion to form water ; the organic substance becomes 
by this abstraction brown or black (charred), and the acid itself 
becomes brown. When it is diluted with water great heat is 
evolved. It is one of the strongest acids ; it expels nearly every 
other acid from its salts. Although the metals displace the 
hydrogen, a sulphate of the metal being formed, we have 
become aware that the concentrated acid when hot is decom- 
posed by some of the metals. Au and Pt are unacted upon 
even by the boiling acid ; if its vapour is passed over red-hot 
platinum it is decomposed into SO5, O, and H^O. It has been 
proposed to employ this process for making oxygen on the large 
scale. Nascent hydrogen reduces the concentrated, but not 
the dilute, acid to HjS. The acid boils at 620" F. and may be 
distilled without decompositiotL 

6so> There is another sulphuric acid, viz. disulphuric or 
pyrosulphuric acid, H^SjOj (also called fuming sulphuric acid 
and Nordhausen sulphuric acid) ; it is obtained by heating a 
basic ferric sulphate in clay retorts. 

651- Sulphuric anhydride.— "X^i^ compound is a white 
crystalline solid ; it melts at 15° C. and boils 3146°. It is com- 
monly prepared from Nordhausen sulphuric acid, by gently 
heating the acid in a retort ; the anhydride volatilises and con- 
denses in the cooled receiver in white silky crystals of needle- 
like form. It is especially characterised by its strong attraction 
for water. 

652. Orthopkosphoric add. — This acid is a solid, but as it 
deliquesces on exposure to the air, becoming a syrupy liquid, it 
is usually seen in that state. It is one of the strongest of the 
inorganic acids : it expels H2SO4 from its salts at high tem- 
peratures, as it is less volatile than that acid. It can be pre- 
pared by oxidising P with H.NO3, or by dropping PCIj in 
small quantities at a time into H^O ; but it is prepared on 
the large scale by acting on bone-earth with sulphuric acid. 

653. Phosphoric anhydride. — When P is burned in excess 
of dry air or oxygen this compound is formed ; it is a light 
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SBOw-alBte ponkr; ii readily attracts moisture &oai die; 
hf^i'MTig dxncned b^ its nnkm with that liquid into pt 
[Aanc add. Its attraction for water is so great that lA 
a thai Squid it Inses like red-hot iron. 

tiSf. CJhwmk mmkf^ide »wd»dd.—^Y\K anhydride is ] 
pned by addtng to ■ voJmne of a ojld saturated solatiotl ^^ 
li Toltnoes of concentrated H^ 
; ad£tioa of the acid the mixture becomes '. 
\ oa cooUng the anhj-diide ciystalli£es out in long; 
; the crystals aie dried by placing them on a t 
Ac It is a poweriid oxidising agent, as it readily yields up I 
its tay^3i, bcii% conTeited into chromic oside. 
sohible in vater, and it is supposed to be couTerted h^ I 
solntiDn into the add ; the add, as previously stated, is 
known in the free state. 

fi5^ AnetuoMs anhydride and add, — The anhydride is | 
pared on a lai^ scale by roasting various minerals conta 
As. Alien first prepared it forms a colourless vitreous n 
which becomes after a time white and opaque ; it volatilises 
380° F. It is employed in the manufacture of ; 
pigments, and in the manufacture of glass. The acid is ^h 
bably contained in an aqueous solution of the anhydride^ ) 
it has not yet been obtained in the &ee state. 

656^ Arsenic acid. — This acid is obtained by treating AsJ 
with HNO3; on evaporating the solution hydrated crysti 
of the add are deposited. It is, as we already know, 
tribasic add like H3PO4 ; like that add it parts with, at d 
ferent temperatures, hydrogen and oxygen in the proportion 
fonn water, forming p>T3isenic acid, H^AsjO;, metarsenic a 
HAsOj, and finally, at a low red heat, the anhydride, As,0 
The acid in solution gives up its oxygen to many substances 
even at ordinary temperatures. Nascent hydrogen reduces it, 
as well as arsenious add, in acid liquids, to AsHj. 
sequence of the readiness with which it parts with oxygen, i 
largely employed in the arts. 

(^7. Arsenic anhydride. — As does not, like P, becont 
convened into its highest oxide, AsjOs, on being burnt in 
air or oxygen, because at the temperature of the combustion 
<^ arsetiic AsgOt is decomposed into AsgOjand oxygen. This 
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fchydride is formed, as we have seen, on heating the acid to 
T redness ; it is a white amorphous substance. 

658- Boracicacid.—'S!\i&\^'i% of steam which escape through 
E fissures in the ground in the volcanic districts of Tuscany 

fcntain traces of this acid ; the steam is made to pass through 

rge basin-shaped vessels containing water, and the acid is left 

r. After the water has become charged with a con- 

Iderable quantity of the acid it is evaporated to the crystallis- 

g point ; the acid crystallises out in colourless lustrous tab- 

The aqueous solution of the acid possesses both a faint 

icid and alkaline reaction ; it reddens blue litmus paper, and 

' t it turns yellow turmeric paper brown. It has not yet been 

blved how the acid comes to be present in the jets of steam ; 

: most probable explanation appears to be, that it is pro- 

fdced by the action of the steam on boron nitride, as ammo- 

n compounds are always present along with the acid in the 

, Boracic acid is a solid; it volatilises very slowly on intense 

Oition; it differs from most, if not all, other solid bodies, as it 

latilises with the steam when its aqueous solution is boiled, . 

659- Boracic anhydride. — -This compound is prepared by 
heating the acid to redness ; it is a colourless, transparent^ 
vitreous solid. 

660. Siiicic anhydride. — This is the only oxide of silicon 
known ; it Is very abundant in nature ; quartz or rock crystal 
is crystallised silica. ' The minerals agate, chalcedony, opal, 

jasper, fiint consist of amorphous silica mixed to some extent 
I with the crystalline modification. Some of these, e.g. opal, are 
ftof attractive colours and are used as jewels. Ordinary sand 
P consists of particles of silica, which when united together 

by some cementing substance constitute the different varieties 

di sandstone.' It is a non-volatile solid, insoluble in water; 

the only acid that acts upon it is HF, 

661. Silicic acid. — This acid may be obtained in a gelati- 
a state by decomposing an alkaline silicate with HCI, or by 

g COj through the solution. It is difficult to obtain a 
ilicic acid in the dry state of definite constitution, as, like 
^ther weak polybasic acids, it parts with water easily, finally 
ming converted into the anhydride. 

662. Carbonic anhydride. —This compound is always formed 
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ffj^. A Horiiial salt is one in which the displaceabU hydros 
of the add is all txdtan^d /or an equivalent amount of a mitai 
or cpmjwuHd radieal resembling in properties a metal. 

68a Having explained veiy fully the different varieties of 
salts that can be formed by the monobasic, bibasic, and Cribasic 
adds, we need not enter upon the different classes formed bj 
the quadrobasic acids, as the student will, or certainly ought lo 
be able to, make them out for himself; but, in order lo remove 
all reasonable difficulty, their general formula are given in the 
following table. 

681. The nomenclature of salts is yet in a somewhat tran- 
sitional state : and as, in the naming of the oxides, some 
chemists, as we pointed out, do not alter the name of the 
metal, whilst others add the termination ic to it, the same 
difference occurs in the naming of salts ; thus, some chemisO 
name, for example, KNO3 and ZnSOj, potassium nitrate and 
zinc sulphate, others name them potassic nitrate and 
sulphate. ^Ve shall adopt, in the main, the first plai 
instead of writing the word hydrogen in full when that element 
is a constituent of a salt, we shall employ in its place, as a 
generally done, the word hydric. By the examples gi" 
following table, the student will see that we employ no pref» 
to express the quantity of the metal in a salt when the hydrof 
of the acid is entirely replaced, not by different metals, I 
by one only : for instance, we do not designate NajSOj 
disodium, but simply sodium sulphate : in like manner, 

do not designate Cas(POj!s as iricalcium, but simply calcium 
phosphate ; but it would not be out of order to call these saJV 
disodium sulphate, and tricalcium phosphate. We have pointed 
out that when a metal has two different atomicities, the 
ation ous denotes the lower, and ic the higher, atomicity ; this 
is followed out in the naming of the salts of such metals, 
thus, Fe"S04 is named ienous sulphate, and Fe3"'3SO( fen* 
sulphate. 

682. The general formulse of the different classes of 5alt% 
which have been so far explained, are given in the followitig, 
table, and the student, if he does not actually commit the 
formulae to memory, must so study them that, if he wi 
to write out a particular example of any one of them, he would 



Classification and Formation of Salts 303 
Table.— General Formula of Salts. 



( M'ao, 



I M"',(SO A 
M'HCO. 
' MJjCO, 

. M"7Cbj, 

HHCO. 
|M',CO. 

M''C,0. 
.M'"/C,OJ, 

MTICrO. 

M',CrO, 

M'trO, 

M"j:CrO, , 
' M'H.PO. 

M'.HPO. 
. M"HPO. 
' M',PO. 

M"M'PO. 



« : 


. NaNO, 


- *ulphi« . 


;H 




. N.HSO. 
. AI'VSO.), 



gum phojmhal 

^ J, C:ildum phMohiiB , 
PO, IlijmuEhom phvphatc 



. NflH,PO. 

. N..HPO. 
NaNH.HPO, 
M^HPO. 



I M-'M'Ak), 
I M'^AsO,), 
I M'"AsO. 
■ MH AiO. 

M'.HAsO. 

M''HA«0, 

M"M'A80, 

M'"AaO, 



M'.HSiO. 
' M'TlHSiO. 

IM'.SiO. 
M'H'^SiO. 
M"3iO, 
M°'MSiO, 



304 FUNDAXtES-TAL PRINCIPLES OF ChEM/STRY 

be able to do so at a moment's notice ; and if he has followed 
the advice given him as regards committing perfectly to memoiy 
ihe names and symbols of the elements of ihe bases, and of the 
acids, and carefully studied the preceding explanations of the 
different classes of salts, he will be able most satisfactorily lo 
accomplish any exercise of the kind; but a few exercises are 
given in order that he may put his knowledge into practice. 

683. The formulas of the following salts must be written 
out ; and the molecular weight of two or three of each class of 
salts must be given in the way shown in the following example 
The student will, of course, refer to the table of atomic weights 
for the weight of the different elements in the salts. 

[Na, = 46 

Example : Hydric disodium phosphate, J H ^ i 

Na,HP04 IP =31 

lo, =64 

Molecular weight of the salt . , . 141 

Exercises on the Notation and Molecular Weight of Sails. 



'. Ammonium nitrate. 

I. Barium nitrate. 

I. Potassium nitrate. 

I. Copper nitrate. 

. Leail nitrate. 

\. Potassium chlorate. 

M Calcium chlorate. 

;. Barium chlorite. 

I. Calcium sulphite. 

■. Hydric sodium sulphite. 

I. Magnesium sulphite. 

I, Strontium sulphite. 

), Ammonium sulphate. 

. Zinc sulphate. 

!. Ferric sulphate. 

;. Coballous sulphate. 

\. Ferrous sulphate. 

;. Copper sulphate. 

i. Hydric potassium carbonate. 

'. Barium carbonate. 

1. Magnesium carbonate. 

|. Sodium carbonate. 

). Hydric ammonium oxalate. 



521. Nickelous oxalate. 

5a2. .Silver oxalate. 

533. Cadmium oxalate. 

524. Ferrous oxalate. 
535. Silver chramate. 

526. X.ead chromate. 

527. Sodium chromate. 

525. Calcium chromate. 
529. Potassium chromate. 
S3Q. Trisodiuni phosphate. 
531. Magnesium ai 



532, Silver phosphate 

533. Lead phosphate. 
534- Ferric phosphate, 

535. Hyilric cupnim a 

536. DDiydric sodium 

537. Silver arseniate. 
53S. Magnesium ammoni 

S39- Hydric cuprum 
{Scite/t'i gran). 

540. Silver arsenite. 

541. Hydric calcium aisei 



Exercises on the Nomenclature of Salts. 
542. CaSO, 543- FeF- 544. (NH.)NOr 545' Pb(NO 
546. re^, 547. KOOr sis. MnCV 549- BaSCV 
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te^r SSI- IC,CrOi. S5S. CaBr„ 553. SrCO,. 554. (NH.)HS. 
E NsjHASO,. 556. AsClj. 557- Ni,BOr 558. CaHAsO,. 559. 
KO^. 560. CuH^iO,. 561. Bal,,. 562. Fe.Cl,. 

B£S4. Formerly the salts we have become acquainted with 

■ divided into two classes : salts containing oxygen as a 

jstituent formed one class, and were termed oxysalis ; the 

r class, being composed of a metal and the characteristic 

b-metal in a hydrogen acid, were termed haloid salts, ' haloid ' 

g derived from a Greek word signifying the sea. This term 

S employed to describe them, because common or sea salt, 

tirtiich is so universally known, is the type of this class of salts. 
The non-metals chlorine, bromine, iodine, and fluorine are 
frequently called halogens, because the salts they form with the 
metals resemble sea-salt in composition. 

685. When this classification was accepted the oxysaltswere 
regarded as composed of basic anhydrous oxides and the acid 
anhydrides, and these latter were considered to be the acids. 
This view was based on one of the methods for the formation 
of oxysalts, viz. if an acid oxide and a basic anhydride are 
brought together under suitable conditions they unite and form 
a salt ; thus if the vapour of sulphuric oxide (SO,,) is passed 
over heated barium oxide (BaO) they unite and form the salt 
banum sulphate. Instead, therefore, of representing this salt by 
the formula BaSO^, as we have done, they represented it thus, 
BaO,S03, and called it sulphate of baryta. This view of the 
constitution of the oxysalts subsequently gave place to what 
was termed the binary theory of salts. Both classes of salts are 
viewed by this theory as compounds of metals and acid 
radicals, the only difference being that in the oxygen salts the 
acid radical is always a compound, whereas at the time the 
theory was proposed the acid radicals in the haloid salts best 
known were elementary bodies. 

686. There are a class of oxysalis which are termed basic 
salts 01 su/isalis, because they contain in addition to the normal 
amount of the metal, one or more molecules of the basic 
hydrate of the metal ; thus, dibasic lead nitrate, PbNOj. 
PbHsOj ; tribasic copper sulphate, CuSOj.aCuHjOg. The 
bases of the monad metals, it may be stated, do not form basic 
salts. The haloid salts form a class of compounds by uniting 
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with one or more molecules of the oxide of the same ii 
for example, PbCl^jPhO. These compounds are called 
chlorides, oxyiodides, 5:c, 

687. There are a class of saks which are the reverse of the 
basic salts in constitution, for they contain a larger proportion 
of the acid oxide than is sufficient to form a normal sail ; these 
compounds are termed anhydro or aeii salts. Exs. : sodium 
anhydrosulphate, NajSOj-SOs ; potassium anhydrochroraate, 
KjCrOjCrOj, or potassium di- or bi-chromate, as it is generally 
called. 

688. As there are, as we have shown, sulphur bases and 
sulphur acids, so there can necessarily be formed sulphur 
salts ; some of these salts are known as potassium su]phoca^ 
bonate, or potassium thiocarbonate, K.^CSj ; potassium thio- 
arseniate, KjAsS^, &c. As will be seen from these examples, 
sulphur salts resemble the oxygen salts in constitution, sulphur 
occupying the place of the oxygen. They have been much 
less studied than the oxysalts, and are, in a certain sense, of 
less importance than the oxysalts. The two rare elements, 
selenium and tellurium, which resemble sulphur in their pro- 
perties, form corresponding salts, 

689. Salts combine with each other, but by no means indis- 
criminately, forming what are termed double salts : these com- 
binations can be most intelligendy discussed in connection 
with the water of crystallisation. 

690. Most of the coloured oxides form salts having various 
colours, thus ; — ■ 

Ferrous salts are bluish-green. 

Ferric salts are yellow or yellowish -brown. 

Manganese saks are rose-coloured. 

Chromium salts are dark green. 

Nickel salts are greea 

Cobalt salts are currant-red or blue. 

Cupric salts are blue or green. 

Gold salts are yellow. 
No reason can be assigned for the particular colour of the 
of different metals, any more than we can for the ditfei 
colours of the o.-ddes of some of the metals : thus, for exam] 
hismuthuus oxide is juliow, and mercuric oxide is rtji 
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lould naturally expect that the salts of a coloured acid, like 
romic add, would be coloured ; but even in this case, the 
;utral and basic salts of this acid with the same metal vary in 
ilour : thus lead chromate (PbCrOj) isyellmv, whilst dibasic 
ad chromate (PbCrOi-PbO) is scarkt. We have somewhat 
logous examples in the difference in colour of the anhydrous 
id hydrated bases of the same metal ; for instance, copper 
tide is ilafk, copper hydrate is blue. 

691. We treated upon the solubility of substances in 
bapter VI., but we could not there enter fully upon the simple 
' mechanical solution of substances ; for, before we could do 
IS necessary for the student to have become fully 
aiuainted with this third class of chemical compounds, viz. 
ILTS. We have therefore to re-enter upon the subject ; and 
: the outset we have prominently to place before the learner 
le difference in the phenomena of solution, simple or mecha- 
ical, from those produced by chemical affinity. Chemical 
ambination is uniformly attended with an evolution of heat, 
chilsC solution is marked, with-equal constancy, by cold. The 
ihenomena of solution differ, also, ' essentially from those of 
iheraical combination, inasmuch as in the former we have to 
lo with gradual increase up to a given limit, termed "Cn^ point 
f saturation, whereas in the latter we observe the occurrence 
It definite proportions, in which, and in no others, 
mmbination occurs. Solution obeys a law of continuity, 
Jiemical combination one of sudden change or discontinuity." 

In treating on the solution of salts, the only solvent of 
hese substances we shall notice will be water ; its solvent pro- 
erties, we may remark, far exceed those of any other known 
iquid ; and being the least costly liquid, it is always employed 
the solvent except in particular cases. As it is such a 
■niversal solvent, the waters of all rivers, springs, and of the 
^ contain a varying quantity of certain salts, principally 
[Italine salts, and magnesium and calcium salts, which the 
ilvent has dissolved out of the earth. Even rain water contains 
small quantity of ammoniacal salt and some gases which the 
ater has dissolved out of the air. In most chemical expeti- 
therefore, distilled water has to be employed. ' The 
Dantity of any solid, liquid, or gas which dissolves in water, or 
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other solvent, must be ascertained empirically in even' 
we are unacquainted with any law regulating such solvent 
action, and we, therefore, cannot calculate the a 
concerning the nature of solution, whether of solids, liquids, ot 
gases, we know at present but little.' 

6q3. Some salts are insoluble in water : the salts that arc 
soioble in that liquid ^"ar^- in their solubility ; thus, one pan of 
calcium sulphate is soluble in about 700 parts of water, while 
two parts of crystallised magnesium sulphate dissolve in 3 pat 
of water. The solubility of most salts is increased by heating 
the liquid, but there are some salts that are more soluble in 
cold than in hot water ; and there are some whose soiubili:;' 
increases with increase of temperature up to a certain point, 
but if the temperature of the liquid is raised beyond thai point 
the solubilit)- of the salt goes on decreasing as the temperature 
increases ; thus sodium sulphate increases in solubility until the 
temperature of the liquid has reached 33° C. ; if the tampera- 
lure goes on increasing, the solubility goes on decreasing, until 
at the boiling-point there is retained in solution only about 
four-fifths of the quantity of salt which was dissolved at 33°. 
There is one salt at least, viz. sodium chloride, whose solu- 
bility is nearly equal at all temperatures. In the case of 
salts that are mote soluble in hot than cold water, if a saturated 
solution of a salt of this kind be made at an elevated tempera- 
ture and then allowed to cool, ponions of the salt will, in most 
cases, go on depositing as the solution cools, until it reaches the 
ordinary temperature. The cold solution will be a saturated 
one, that is, will contain as much of the salt as cold water caB 
dissolve. Hot saturated solutions of some sal»s, if not disturbed 
during cooling and no dust is allowed to fall in, will not deposit 
during the cooling, any of the dissolved salt ; but if the cdA. 
solution be shaken or be touched with a solid, or if even a paitt 
cle of dust is allowed to fall into it, the crystallisation of the 
will at once commence, and in some cases the quantii)- of & 
deposited is so great that the whole mass becomes solid. Sud) 
solutions are called supenaturafed solutions. 

694- Some salts, when they separate out of their aqueous 
solutions, havenowatenrAwHw/^ united with them ; such salts 
are termed oHhydrous salts, and, as far as is known, these sails: 
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never form supersaturated solutions. Other salts, on the 
contrary, when thej' separate out of their aqueous solutions, are 
united with a certain definite number of molecules of water ; 
and as these salts owe their crystalline character to the presence 
of this water — for when it is expelled, the salt ceases to be crys- 
talline, and becomes an atnorphous -patidsT — it is hence termed 
water of crystallisation. The quantity of the water of crystal- 
lisation varies greatly in different salts ; but each salt, as we 
have stated, always contains the same definite quantity under 
the same conditions. A salt may contain more than half its 
weight of water of crystallisation, and yet it will be a dry solid. 
In some salts this water is so feebly united with them, that it 
evaporates on the exposure of the crystals to the air, and on its 
evaporation the crystals lose their lustre and shape, and become 
opaque, and fall to pmoder or become cmiered with some of the 
amorphous white powder of the salt. Such crystals are said to 
effloresce ; and the phenomena is called efflorescence. Although 
comparatively few salts effloresce, nevertheless the water of 
crystallisation can be expelled from the salt without the salt 
being chemically destroyed, for if we redissolve the salt, from 
which the water of crystallisation has been expelled, it will again 
combine with the necessaa? quantity of water for crystallisation 
and possess all its other distinguishing functions. The water 
of crystallisation is expelled, as a rule, on exposing the salt to 
a temperature of from 100° to izo° C. ; but in some cases 
the salt requires to be exposed to a higher temperature to 
expel all the water of crystallisation : thus potash alum 
(Al2,3S04,K.;S04 + 24H20), which contains twenty-four mole- 
cules of water of crystallisation, loses ten of the molecules at 
100°, the second ten at 120°, but it retains the remaining four 
until the temperature reaches 200° C. When a salt, from which 
the water of crystallisation has been expelled, is redissolved 
in water, the solution is attended with a development of heat, 
owing to the salt again chemically uniting with the necessary 
quantity of water of crystallisation, 

695. The reason of the solubility of sodium sulphate 
decreasing after the temperature of the solution rises above 
33°, is due to the dissociation of nine of the ten molecules 
of the water of crystallisation ; and a portion of this salt is 
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deposited as it forms because it is less solubJe than the 
containing ten molecules of water ; thus, below 33° the s 
tion deposits crystals of the formula Na^SOj.ioHjO ; 
33° C, the solution deposits crystals having the fora 
NajSO^.H^O. From this we learn that the temperature of the 1 
solution from which the crystals of some salts, which ordinarily 
crystallise with a large proportion of water, are deposited affects 
the quantity of the water of crystallisation with which the salt 
can combine ; and the variation in the quantity of water altera 
(he CTystailine form ; thus, ' in the case of sodium carbonate, 
whilst monodinic crystals of the ten-molecule hydrate are 
deposited at the ordinary temperature, other crystals, having 
the composition NajCO.i + SHjO, or again others represented 
by the formula NajCOa + sHjO, are deposited, when the 
crystal Usati on is allowed to take place at higher temperatures. 
On exposing a salt containing a large number of molecules of 
water of crystallisation to heat it undergoes what is termed 
tuatery fusion. A difference in the quantity of water of crystal- 
lisation alters the colour of a salt in some cases ; thus anhydrous 
cobaltous chloride is blue, as is also the chloride having the 
following formula, CoClj.aHaO ; whilst CoClj.dH-jO \% pink} 
696. The late Professor Guthrie discovered that all salts, 
even those which are termed anhydrous, which are soluble in 
water fonn definite sohd compounds with that liquid. The 
crystals of salts which are anhydrous at temperatures abore 
□"C., as N'aCl and NH^CI, on crystaUising out of an aqueous 
solution below this temperature contain water of crystallisation ; 
thus a concentrated solution of common salt deposits al 7° 
crystals having the composition NaChHjO ; and at — 23 crys- 
tals having the composition NaClio-sHjO. The hydrated 
salts formed below the freezing-point of water are termed (yjw- 
kydrafes; and each cryohydrate has a constant composition, 
and has a definite freezing and melting-point. Under certain 
conditions we learn, from Guthrie's discovery, that all salts ai 
hydrated ; therefore, when we speak of an anhydrous s 
we mean a salt that is anhydrous at temperatures above o 

' A dilute Boluiianof this salt maybe used as a sympalhetic ink. WhenMJ 
employed it remains invisible when cold ; bill when the paper is placed tx 
the fire it becomes blue and visible, and again fades in Ihe cold, owing 10 
nbstracling moisture from the air. 
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697. When two salts which do not chemically unite are 
dissolved in water, the quantity of each which is dissolved is, 
as a rule, less than if they were dissolved separately ; hence if 
to a concentrated solution of one salt another were added and 
the mixture shaken, some of the latter would dissolve, whilst 
a portion of the other salt would separate out of the solution. 
But some salts chemically unite with each other and form 
double salts ; double salts are common between two different 
haloid salts ; for instance, between the haloid salts of the 
less oxidisable metals and the haloid salts of the alkaline 
metals. Exs. : Potassium platinochloride : t KCl,PtCl4 ; 
potassio- mere uric iodide, 2KI,HgIj. The sulphates of the 
sesquioxides of the metals in many cases unite with the sul- 
phates of the protoxides. Exs. : Potassmm alum, KjSOj,Ala 
3S04.a4HjO; ammonium alum (NH,)., S0^, Alj sSO^.^HaO ; 
iron alum, K2S04, Fej3S04.24HjO, &c. Magnesium sulphate, 
zinc sulphate, and several sulphates of that class, contain seven 
molecules of water, their generalformula being MSO^. 7H,0, but 
one of these molecules is more strongly attached to the sulphate 
than are the other six, and it possesses quite different functions, 
as we shall show. If we expose crystals of one of these 
magnesium sulphates to a temperature of 100" C. six molecules 
are expelled, and with this loss the crystalline structure of the 
sulphate is destroyed ; but it requires a temperature of about 
210° C. to expel the seventh molecule, and this seventh molecule 
is not water of crystallisation, for the crystalline structure was de - 
stroyed by the expulsion of the six molecules ; and, further, this 
seventh molecule can be replaced by some non-isomorphous 
anhydrous sulphate, as potassium sulphate. Ex. : If magnesium 
sulphate, or some other sulphate of that class, and K^SOj, be 
separately dissolved in equal molecular proportions, and the 
solutions mixed whilst hot, and allowed to crystallise, a double 
salt having the formula MgSO^, KjSOiS HjO is deposited, which 
has the same crystalline form as the magnesium sulphate, but 
differing in its constitution, in that the seventh atom of water 
in the magnesium sulphate has been displaced by potassium 
sulphate ; water that can thus be replaced by a salt has been 
termed constiiutumal or saline water. 

698. The atomicity theory, which we have already described, 
the student will see does not explain why water chemically 
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obtain them pure, they have to be redissolved in distiUed water 
and recry stall ised, sometimes three or foar times. For the 
successful performance of the operation, considerable attention 
to minute detail is required, which can only be acquired by 
experience . When substances have the same crystalline form, 
crystallisation is not effectual for their separation, unless their 
difference in solubility is very great. 

705- Many substances, both elementary and compound, 
crystaUise in two or more forms belonging to different crystal- 
line systems ; such substances are said to be dimorphtHS. 
trimorplieus, or, generally, polymorphous. 

706. Some compounds which are analogous in chemical 
constitution, and are similar in crystalline form, are capable of 
replacing each other in the same crj-stais in indefinite propor- 
tions, when a mixed solution of these substances are submitted 
to the process of crystallisation ; and there can also he. ob- 
tained crystals consisting of alternate layers of different salts, 
if they have nearly the same degree of solubility in water. 
For example, if a crystal of potash alum (KjSOi,Ai„3S0,. 
izHjO) be placed in a solution of ammonia alum (NH,) 2SO,, 
Al53SOj.i2HaO), thecrystalaugmentsin size owing to thedepo- 
position on it of layers of the latter salt. If the crj'stalline mass 
be now transferred to a solution of iron alum (KjSOt,Fej3S0,. 
laHjO) layers of this salt will be deposited on the crystal ; if 
it then be transferred to a solution of chrome alum (K.,SO|, 
CrasSO^.iaHaO) layers of this salt will be deposited on it: 
and if it be now transferred to a solution of potash aium, layers 
of this salt will be deposited ; the deposition of layere of the 
different alums could thus be continued again in succession. 
Substances which can thus replace each other in the same 
crystals in indefinite proportions are said to be isomorphous, a 
word which is derived from two Greek ones, one signifying 
equal, the other _A"''«- 

707. From the preceding example we learn that the 
sulphates of aluminium, chromium, and iron in the ferric sale, 
are isomorphous ; also that the sulphates of potassium and 
ammonium are isomorphous. Isomorphous salts can never be 
separated by crystallisation, unless their difference in solubililj 
19 very great Example ; Copper sulphate and fcrrouasi " 
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are isomorphous, and as they do not differ greatly in solubility 
they cannot be separated when present in the same solution by 
crystallisation ; however frequently the substance is recrystallised 
the crystals always contain, throughout their whole mass, iron 
as well as copper. But if the iron is converted from the ferrous 
into the ferric state pure crystals of copper sulphate can then 
be obtained. 

708. The same intermixture of isomorphous substances 
which takes place in artificial salts is found to occur in minerals, 
and affords a luminous explanation of the great variety, both 
in kind and proportion, of substances which may coexist in a 
mineral species, without its external character being thereby 
essentially affected. 

709. Isomorphism frequently affords valuable aid in deter- 
mining the atomic weights of the elements ; for example, we 
only know ont oxide of aluminium, which is composed of i8'3 
parts by weight of the metal, and 16 of oxygen ; is it a monoxide, 
a dioxide, a sesquioxide, &c., for upon the constitution of the 
oxidedepends the atomicweight of the metal? As thealuminium 
oxide is isomorphous with sesquioxide of iron, it is also regarded 
as a sesquioxide ; the atomic weight of the metal is therefore 
27-4. Farther on we shall describe the method for de'termining 
the rational formula for compounds containing isomorphous 
constituents, 

710. Nitrine unites, as has already been stated, with adds, 
and the salts formed are the same in character as those which are 
formed when ammonic hydrate unites with acids. Example : 

NH3 + HCl = NH^Cl 

Ammonium chloride. 

2NH^ + HjSO, = (NH4)iSOj 

Ammonium sulphate. 

711. Phosphine unites directly with hydriodic and hydro- 
bromic acids when they are presented to it in the nascent state, 
forming compounds isomorphous with the corresponding salts 
in the nitrogen series ; — 

PH3 -I- HI = ' PH.I 

^ Phosphonium iodide. 

B PHj + HBr = PH^Br 

^H Phosphonium bromide. 
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712. We noticed in the chapter on basic bodies that the 
hydrogen in ammonium can be replaced by metals ; there 
consequently ammoniunn salts which contain a metal in plao 
some or all of the atoms of hydrogen in ammonium ; in some. 
cases the metal replaces the hydrogen in a single ammonimil 
molecule ; in other cases the metal, on its replacing its equiva- 
lent amount of hydrogen, causes two molecules of ammoniom 
to coalesce mto one molecule. Examples : — Diraercuric am- 
monium chloride, NHgjCl ; Mercuric diammonium chloride^ 
NjHeHgClj. 

Exenisei on the Notation of Salts. 

563. Potasanm alummium sul- 1 566. Tribasic mercuric sulphate, 
pliate. 567. PkliniciliaminciDivinichloridef 

564. Cupric diimmonium sul- 568. Potassium ferric sulphnle. 
phnie. 569. Mercuric ammonium chloiiik 

565. Sodium auric chloride. I 

Examination Questions. 

5yo, What is meant by the term ' isomotphism ' ! 

J71. What is meant t^ saying that a soil is efflorescent T and what \ 
saying that a salt is deliquescent ? 

37Z- I dissolve a sulstance, say a salt, in water ; I odd to the solutU 
anuthci liquid, say alcohol, which will mix with the solution ; after addia 
the liquid some of the solid dissolved in the water is precipitated ; wbl 
do yon infer from that ? 

573. Explain what is meant by neutralisation, and what by saturatigl 

574- What is the difference between saline or constitutional water, afl 
water of crystallisation ! 

575. I have some commercial potassium nitrate (saltpetre) c 

polassium and sodium chlorides, which I wish to purify. 

6,ooolbG. of the saltpetre these substances are present in the foUowil 
proportions : 

Potassium chloride .... 360; 
Sodium chloride 840 



1,200 lbs. of water, at a temperature of 2i2°F., is capable of diasolvk 
the following quantities of these substances ; and the same quantity i 
.....— ^(gjo Y_ is capable of holding in solution the following quantilie* 
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576. I dissolve a substance in water ; I adil to the solution another 
liquid which will oat mix with it, a.ad being heavier thsn water sinks to 
the bottom. I sha.ke the two fluids together, and then allow them to 
separate ; when ihey have separated, I find the liquiil has dissolved out of 
the water all the solid substance. What do you infer from thai ! 

577. What is the difference between saline and crystalline walet! 
Illustrate the difference io the fortnula of magnesium sulphate, and explain 
the part the former plays when this salt crystallises from the same solution 
with potassium sulphate. 

578. What are cryohydrate salts f and what are anhydrous salts ? 

579. Does the atomicity theory explain why water chemically unites 
vrith salts ! and why tsvo salts unite tc^elher to form double salts ! 

58a On what does the action of freezing mixtures depend ! ' 

713. We have now to bring under the notice of the student, 
(i) the action of metals on salts ; (2) the action of salts upon 
each other ; (3) the properties of each class of salts. For the 
student intelligently to understand much that will be stated, 
and which he will be called upon to perform and explain, the 
following table showing the solubility of different normal salts 
is required. 

714, To ascertain the solubility of any salt by the table, find 
the name of the base in the upright column, and that of the acid 
in the line at the top ; the number placed at the point where 
the two rows meet shows whether the salt formed by their com- 
bination is soluble or otherwise. Thus, if it is wished to find 
the solubility of a sulphide, hydros u I ph uric acid is the acid 
under which it will be found ; in like manner hydriodic acid is 
the acid for the iodides, hydrochloric acid the acid for chlorides, 
and hydrobromic acid the acid for bromides. The figures 
indicate the liquids which dissolve the substances, ' Thus, 
figure I means that it is soluble in water ; 2, that it is insoluble 
in water, but soluble in hydrochloric or nitric acid ; and 3, that 
it is insoluble in water and acids ; 1-2 signifies a substance dif- 
ficuitly soluble in water, but soluble in hydrochloric or nitric 
acid ; 1-3, a body difficultly soluble in water, and of which the 
solubility is not increased by the addition of the acids ; and 
2-3, a substance insoluble in water, and difiicultly soluble in 
hydrochloric acid and in nitric acid. The deportment of a sub- 
stance with hydrochloric acid differs materially from that which 
it exhibits with nitric acid in the following cases : — 

si of Ihc chapter /or thtfreiCnt; ki will 
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1. The sulphides of cobalt and nickel are difficuitlj- soluble 
'" hydrochloric acid, but are readily decomposed by nitric 
acid. 

2. Stannous and stannic sulphides are decomimsed and 
"'ssolved by hydrochloric acid ; by nitric acid they are each 
converted into stannic oxide, which is insoluble in an excess ol 
^^e acid. 

3. Sulphide of copper is difficultly decomposed by hydro- 
^VJoric acid, but with facility by nitric acid. 

4. Sulphide of silver is only soluble in uitric acid. 

5. Platinic sulphide is not affected by hydrochloric acid ; 
Iioiling nitric acid converts it into a soluble sulphate of the 
platinic oxides. 

715. We have already learned that some metals can pre- 
cipitate others from their salts, when the latter are in a state 

1 of solution, some of the /rco)>(/(j^i"«^ metal combining with the 
I. acid radical which was in combination with the precipitated 
L jnetal. Example : — 

Cu + 2 AgN03= CuCNOa)^ + Ag5. 

If a piece of iron be introduced into a solution of cupric 
Jsulphate the iron instantly becomes covered with a layer of 
^metallic copper, precipitated by that portion of the iron which 
|«nters the solution. 

716. The metal in an oxysalt is displaced by a more 
toxidisable metal, if the salt be in a state of solution. The 

paction of metals on this class of salts, if they are in a state of 
' solution, may therefore be foreseen ; but it is difficult to 
generalise upon this action of metals upon metallic oxides under 
all conditions ; for the relative affinity of the metals for oxygen 
varies greatly with temperature. Thus, potassium decomposes 
oxide of iron at a red heat, whilst at a higher temperature, as a 
strong white heat, iron, on the contrary, decomposes potassium 
, oxide. 

717. It may be further stated that in this respect the chlorides 
Ifaehave like the oxygen salts ; iron, for example, displaces copper 
l:from cupric chloride as from the sulphate. 

718- The following table indicates the order in which the 
ImeUls precipitate other metals from their salts. 
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„ copper I reducetl liy iron, i 
„ mercury f precede copper 

„ platinum 
■I gold 

Experimenls en the Action of Metals upon Salts. 

581. To a solution of stannic chloride add a strip of iron; Ihe lind 
will be reduced by the iron. 

58a. To a solution of cupric sulphate add a piece of tin ; the CMni^ 
sail will be reduced by Ihe tin. 

583. To a aolation of mercuric nitrate add a piece of copper ; the mn- 
cuiy salt will be reduced by the copper. 

719. Action of salts upon eaek other. — When two salts a 
mixed together, several phenomena may ensue. We shall di 
tinguish the case in which a mixture of two salts in the dry 
state is heated, and that in which they are brought into contact 
in solution, or in the humid way, as it is termed. 

720. Mutual action of salts in the dry state.— When 
two salts containing the same acid, but different bases, 
are heated together, the two salts frequently combine in defi- 
nite proportions, producing double salts, which crystallise 
cooling. In this manner a great number of double silicates 
may be produced, which, from their beautiful crystallisation, 
present the characters of definite compounds. In the same 
manner we may obtain, in the dry way, double chlorides and. 
several other double salts ; but, so formed, the combination is 
often destroyed upon dissolving the compound in water, the two 
original salts crystallising separately. 

721. IVlien two salts of different acids and bases are heatei: 
logf titer, and when, by the mnfttal interchange of acids and bases,' 
a neu' salt, more volatile than the first tivo, can be forvied, its. 
fortnaiion is generally determined ly this circumstarue. 
pie : — Mix some calcium carbonate and ammonium chloridtf 

together in the dry state, and then expose the mixture to a' 

1 temperature higher than 21 2° F., ammoniuin carbonate being a 
\ more volatile salt than the chloride, the two salts react upon 
1 each other, the following changes taking place. 
I CaCOi+aNH,Clr=(NH0aCO3 + CaClj. 
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9 722. Muhial attion of Salts in the humid way. — The solu- 
tions of two salts which have the same acid or base, are 
generally without action upon each other. Sometimes, how- 
ever, the two salts unite and form a double sah. Aluminium 
anlphate, for instance, combines with potassium sulphate, form- 
L double salt, known by the name of alum. Potassium 
hloride combines with platinum chloride and produces a 
iouble chloride of platinum and potassium. 

723. Two soluble sails in a slate of solution mutually decompose 
h other, when they can, by the interchange of the acids, form an 

soluble salt, or a salt less soluble than either of the ttvo original 

724. It frequently happens that the chemical changes which 
e place in the dry way are the reverse of those which take 

Fplace in the humid way. Example : — We have learned that 
I" calcium carbonate and ammonium chloride in the dry state 
_ decompose each other, when heat is applied ; but if we bring 
together in solution ammonium carbonate and calcium chloride, 
wing to the insolubility of calcium carbonate, double decom- 
n takes place, calcium carbonate and ammonium chloride 
eing produced ; the former salt, being insoluble, is precipitated, 
■rhilst the latter, being soluble, remains in solution. 

725 -^n insoluble salt may sometimes be decomposed by boiling 
^for a longtime with a soluble salt. This occurs whenever the 
Fbase of the original insoluble salt can form an insoluble salt with 
> the acid of the reacting soluble salt. 

To render the decomposition complete of the original 
insoluble salt, a large excess of the soluble salt must in the 
generality of cases be employed. 

726. We hare learned that tuio soluble salts in a state of 
solution decompose each other, when they can by the interchange 
fc^ the acid radicals form an insoluble salt, or a salt less soluble 
f Hhan either of the two original salts. We can, therefore, by the 
r (ud of the table, not only ascertain whether any particular salt 
■ is soluble or insoluble, but also, if we add two soluble salts 
Btogetber in a state of solution whether any precipitation would 
Jtake place, and if so what chemical changes must ensue. 
I Example : — On adding an aqueous solution of ammonium car- 
e and one of calcium chloride together, we should find, by 
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examining the table, that calcium carbonate was insoluble in 
water; these two salts would, therefore be mutually decomposed 
and two new ones formed, whenever aqueous solutions of the 
two salts were brought together. 

727. We are already aware that if we bring a base, whether 
in the anhydrous or the hydrated state, in contact with an acid, 
they will form a salt, and by the aid of the table we can ascer- 
tain whether the salt would be soluble or insoluble ; further, 
if we add to a salt in solution an acid which forms with the metal 
in the salt an insoluble salt, the insoluble salt will be formed and 
precipitated, whilst the acid of the original salt will be set free. 

Experimental Exercises on the Formation and Decomposition oj 

Salts, 

Required to know whether any precipitation will occur when the fol- 
lowing substances are added together ; and if so, what chemical changes 
must ensue. ' 

583a. If an aqueous solution of cupric sulphate were added to one of 
lead nitrate ? 

584. If an aqueous solution of magnesium sulphate were added to one 
of barium nitrate ? 

585. If hydrochloric acid were added to an aqueous solution of mer- 
curous nitrate, the solution of the mercury salt containing a small quantity 
of free nitric acid ? 

586. If an aqueous solution of potassium nitrate were added to one of 
calcium chloride ? 

587. If an aqueous solution of ammonium oxalate were added to one of 
calcium chloride ? 

* 588. If an aqueous solution of sodium chloride were added to one of 
lead nitrate? 

589. If an aqueous solution of sodium phosphate w^ere added to a 
hydrochloric acid solution of calcium chloride ? 

590. If ammonium sulphide were added to an aqueous solution of 
cupric sulphate ? 

591. If an aqueous solution of potassium chromate were added to one 
of barium chloride ? 

592. If an aqueous solution of magnesium sulphate were added to one 
of potassium nitrate ? 

1 The student must state whether any precipitation will occur, and if so, 
what chemical changes will ensue, before the experiment is made. He must 
also be made to generalise them ; for instance, if he states that sulphate of 
lead will be precipitated when an aqueous solution of sulphate of copper be 
added to one of nitrate of lead, he must then say whether an aqueous solution 
of any soluble sulphate, on being added to a solution of nitrate of lead, would 
produce a precipitate of sulphate of lead ; and then he must say whether sul- 
phate of lead would be formed on adding a solution of any soluble sulphate to 
a solution of any soluble salt of lead ; he must be made to generalise every 
question which admits of it in this way. 
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1^^ 593- If an aqueous solatioD of ammooium carbonate were added to ooe 

Of calcium chloride ? 

594. If an aqueous solution of sotliuni carbonate were added to one ol 

feiroLis sulphate i 
^^ 595. If an aqueous solution of ammonium chloride were adiled to one 
^^^^c sulpbale ! 

^^•596. If an aqueous solution of polnssium chromate were a<lded to a 
^^hic Hcid solution of Ijanum nitrate. 

^" 728. We shall now briefly describesomeofthechiefgeneral 
properties of the salts given in the table of solubihties ; and a 
iesi for the add oxide or halogen of the salt.' 

729. CA/or ides. —The chlorides are solid bodies with the 
exception of SnClj ; some of them melt at comparatively low 
temperatures ; and HgCl, HgClj and SbCI,, are also easily 
volatiUsed. HgCl and AgCl are the only chlorides which are 
completely insoluble in water, as will be seen by the table. A 
chloride, treated with sulphuric acid, disengages hydrochloric 
acid. When a chloride is heated with manganese dioxide and 
sulphuric acid, chlorine is evolved, which may be recognised 
by its odour and greenish- yellow colour. Chlorides dissolved 
in water give with silvernitrate a white precipitate, which assumes 
a violet tinge by exposure to light ; the silver chloride is insoluble 
in adds but soluble in ammonia. Employ sodium chloride for 
these experiments. 

730.' Bromides. — The metallic bromides resemble the cor- 
responding chlorides in properties. A broiiiide treated with 
sulphuric acid disengages bydrofaromic acid, and also vapours 
of bromine, which impart a brown colour to the acid garf If 
the bromide be heated with a mixture of sulphuric acid and 
manganese dioxide bromine only is disengaged Silver nitrate 
produces in solutions of the bromides a yellowish- white precipi- 
tate of silver bromide, which is insoluble in acids, but sparingly 
soluble in ammonia. Employ sodium or potassium bromide 
for these experiments. 

731- Iodides. — The iodides in their general properties re- 
semble very much the corresponding chlorides and bromides. 
The iodides treated with sulphuric acid instantly produce a 
considerable deposit of iodine ; and if the mixture be heated, 
intense violet -coloured vapours are disengaged The reaction 

' The esperimeota indicaled under each class of saJts ought to be per- 
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is due to the decomposition of sulphuric acid by hydriodic acid, 
water and SOj being formed, and iodine set free. If the iodide 
be mixed with manganese dioxide, red lead (Pb304), or with 
dioxide of lead, upon heating the mixture with sulphuric acid, 
iodine is evolved, but no SOj. Iodine, in a free state, forms 
with starch, even in highly dilute solutions, a purple precipitate 
of iodide of starch. If the iodine is in a state of combination 
with hydrogen or any metal, it is necessary to liberate it before 
applying the starch test. The iodine may be liberated from 
hydrogen or the metals by nitric acid, or chlorine ; if chlorine 
is added, an excess of it must not be employed, as it forms a 
colourless compound with iodine. Employ potassium iodideftff 
these experiments. 

732. Sulphides. — Sulphur, like oxygen, frequently forms 
several compounds with the same metal, so that we may have 
monosulphides, disulphides, trisulphides, &c. A monosulphide, 
heated with dilute sulphuric acid, or with hydrochloric acid, 
disengages sulphuretted hydrogen, which is easily rec(^nised 
by its odour, and no sulphur is deposited. A polysulphide also 
disengages sulphuretted hydrogen on being heated with dilute 
sulphuric acid, or hydrochloric acid ; but, in addition to the 
evolution of the sulphuretted hydrogen, a deposit of sulphur 
is formed. The evolution of sulphuretted hydrogen on the 
addition of hydrochloric acid, is at once characteristic of a 
sulphide; and when' the quantity of sulphuretted hydrogen is 
so nijnute that the smell fails to afford a sutEcient proof, il 
may be detected by holding a piece of paper, moistened with 
a solution of any soluble salt of lead, over the mouth of the test- 
tube, as a brown or black coaling of sulphide of lead will be 
formed upon the paper. ^Vhen the sulphides of the heavy 
metals are heated in contact with air, SOj is evolved, the metal 
being left, in some cases, uncombined, and in others as an 
oxide. The sulphides of the alkalies and alkaline earths are 
converted by this process into sulphates. Oxidising agents 
convert the sulphides into sulphates. Employ some soluble 
sulphide, as sulphide of potassium or ammonium, for these ex- 
periments. 

733. Sulphates. — Most of the sulphates, with the exception 
of the sulphates of barium, strontium, and lead, are soluble 
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alkalies, alkalne earth nd sulpha e of lead ae the 



only 



salts of this aad wh h a e no de on o ed on s mple ignition 
the other suli ha es a e de on po ed and gene ally yield s 
Igaseousmi tu eof bO and o ) gen. bone ulpha es, however 
are decomposed a s lo mpe a u e ha he acid oxicjg' 

engaged Al he ulph e e de omposed by carbon 
assisted by heat , the p odu arj with the nature of the base 
and the temperature bnlpl u acid and the soluble sulphates 
give, in a state of o!u on ha solution of a barium salt a 
■white precipitate of bariun s Iph le, which, from its insolnbiiity 
in acids, is at once distinguished from all other barium salts ; 
,any soluble barium salt in a state of solution is therefore the 
-best and most delicate test for sulphuric acid. Employ a solu- 
ition of any soluble sulphate for this experiment. 

734, Sulphites. — The sulphites of the alkalies and alkaline 
Dearths are changed into sulphates and sulphides on being 
l^ted in a close vessel : — 

4K5SO3=3KjS04+ K^S. 

The other metallic sulphites disengage SOa and an oxide of the 
.metal remains as a residue. Heated with carbon, they give 
products similar to those of the sulphates. Concentrated 
boiling nitric acid changes the sulphites into sulphates. 
'Chlorine produces the same change in the sulphites in solution, 
' The soluble sulphites also absorb oxygen from the air, and are 
■changed into sulphates. The sulphites may easily be recognised 
»by the characteristic odour of SO^ which they emit when treated 
y hydrochloric acid, or by dilute sulphuric acid, which evolu- 
tion is not accompanied by a separation of sulphur : employ 
leodium or potassium sulphite for this experiment. 

735. Niiraies.— AW the neutral nitrates, as will be seen I 
I'die table, are soluble in water ; a few of the basic salts are 

insoluble in that liquid Heat decomposes this class of salts, 
.affording products which are rich in oxj-gen, and which power- 
fully assist combustion. In consequence of this property, the 
nitrates deflagrate on hot coals, and often detonate when 
heated with powdered charcoal. The alkaline nitrates, when 
■subjected to a gradually increasing temperature, disengage at 
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fiist pure oi^gen, and are changed into nitrites (MNOi). 
Heated still further, ihey are entirely decomposed, evolving 
niirc^n and oxygen. The other nitrates disengage oxygen 
and NO, or oxygen and KOj, \\'hen those formed by soluble 
bases are decomposed by heat, they leave a strongly alkaline 
residue. UTien nitrates in the solid slate are heated with can- 
(tHtraleJ iulphuric add, in the presence of copper turnings, NO is 
evolved, which, in contact with the air, forms red fumes, owing 
to its conversion into NOj. This experiment ought to be con- 
ducted in a narrow test-tube. The colour is best observed hy 
looking into the test-tube lengthways. Employ a solution of 
potassium nitrate for this experiment. 

736. Chlorates. — All the chlorates, as will be seen by the 
table, are soluble in water. They are all decomposed by heit. 
Those of the alkalies and alkaline earths disengage oxj^en, a 
chloride remaining which is neutral, wliile the corresponding 
nitrates under the same circumstances leave a strongly alkaline 
readue. The other chlorates disengage by heat a mixture of | 
OKj'gen and chlorine, leaving an oside or oxychloride of the 
metal. The chlorates are energetic supporters of combustion, 
deflagrate on heated coals, and produce violent detonations 
when heated with very combustible bodies, such as charcoal, 
sulphur, and phosphorus. To detect this acid, add to a imall 
quantity of the solid substance under examination a few drojis 
of concentrated sulphuric acid in the cold. The chlorate will 
be decomposed, potassium sulphate and potassium per- 
CHLORATE (KCIOj) being formed, along with a greenish- 
YELLOw-coLOURED GAS, ClOi, which escapes. The application 
of heat must be avoided ; and the quantities operated upon 
should be small, to prevent any loud explosion taking 
Employ a few grains of potassium chlorate for this expei 

737. Ortlwphospliales. — The alkaline phosphates a 
only phosphates which are soluble in water ; all the 
are insoluble in it, but dissolve readily in an acid liquid, 
phosphates evince no apparent reaction with oU of vil 
and are thus instantly distinguished from all salts which 
engage acid vapours under the same circumstances. 
nitrate produces, in aqueous solutions of the phospl 
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yellow precipitate of silver phosphate (Ag3P04). Employ di- 
sodium hydric phosphate for this experiment. 

738. Arseniaies and Arsenites, — Sulphuretted hydrogen 
produces, in acidified solutions of these salts, a yellow precipi- 
tate, soluble in ammonia ; the precipitate is formed immediately 
in solutions of the arsenites, but only after the lapse of some 
time in the solutions of the arseniates. Employ sodium or 
potassium arsenite and arseniate for this experiment. The 
arseniates are isomorphous with the corresponding phosphates. 
The two classes of salts exhibit in their general character the 
strongest possible similarity. 

739. Borates, — The borates are not decomposed on igni- 
tion ; they all, even the acid salts, manifest an alkaline reaction. 
Boraric acid turns turmeric paper brown, like an alkali : a 
borate may therefore be detected by adding hydrochloric acid 
to the solution of it, and then dipping a piece of turmeric 
paper into it, and afterwards drying the paper at a gentle heat ; 
if it dries of a distinctly brown tint, boracic acid is present. 
Employ biborate of soda for this experiment. 

740. Chromates, — These salts are isomorphous with the 
corresponding sulphates ; all the salts are coloured. There 
are three series of these salts, viz., neutral, basic, and anhydro 
salts ; but no acid salts have as yet been obtained ; they de- 
compose as soon as formed into anhydro salts and water ; it is 
possible they may exist at a low temperature. Boiled with 
an excess of HCl they are decomposed, CrgCle being formed, 
which is known by the change of colour, as the solution of the 
chloride is green. Insoluble chromates fused with nitre yield 
potassium chromate, which may be dissolved out by water. 

741. Silicates, — The silicates vary very much in chemical 
constitution, some correspond to H 38104, others correspond 
to the dibasic acid. Silicates, various in composition, occur 
very abundantly as natural minerals. All the silicates, except- 
ing the alkaline silicates, are insoluble in water, and the solu- 
bility of the latter salts in water increases with increase of the 
alkali. These salts are known as soluble glass or water-glass. 
Some of the salts insoluble in water dissolve with decomposition 
in boiling HCl or HNO3, the silicic acid separating as a gela- 
tinous mass; those insoluble in these acids are decomposed on 
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greater or less affinity for oxygen. All the carbonates, with- 
out exception, are decomposed when heated to a very high 
temperature with charcoal, carbon monoxide being disengaged. 

745. The alkaline carbonates and bicarbonates affect test- 
paper in the manner of a free alkali. 

746. Oxalates, — The alkaline oxalates are soluble in water ; 
the rest are almost all insoluble in that liquid, but soluble in 
dilute acids. They are all decomposed by heat. The oxalates 
of the more easily reducible metals, as Ag, Hg, Cu, give off 
CO2, the metal being left in the metallic state ; the oxalates 
of the less reducible metals, whose carbonates are decomposed 
by heat, as Zn, Mg, &c, give off CO2 and CO, the metal being 
left as oxide. The oxalates of the metals whose carbonates are 
not decomposed by heat, as K and Na, or not easily decomposed, 
as Ba, Sr, and Ca, give off CO, the metal being left as car- 
bonate. The oxalates like the acid, when heated with concen- 
trated H2SO4, give off, with effervescence, COaand CO, and if 
a light be applied to these gases, as they issue from the mouth 
of the test-tube, the CO will bum with a blue flame. Soluble 
calcium salts and lime-water [produce, even in highly dilute 
aqueous solutions of oxalates, a white precipitate of calcium 
oxalate, which is insoluble in acetic acid. 

Miscellaneous Experiments, 

597. Name the metals whose solutions will give a precipitate with 
hydrochloric acid, and then add to a solution of each of the metals hydro- 
chloric acid, in order to verify your statement. 

598. Decompose ammonium chloride (in solution) in such a way that 
NH3 will be evolved. 

599. Prepare ferric hydrate from the sesquichloride. 

600. Prepare some zinc oxide from the carbonate. 

601. Explain by equations the chemical changes which would ensue 
on adding to an aqueous solution of barium chloride ammonia, and then 
a solution of ferrous sulphate, and afterwards perform the experiment. 

602. Explain by equations the chemical changes which would ensue on 
adding to an aqueous solution of calcium chloride caustic soda ; add then 
ammonium carbonate, and afterwards perform the experiment. 

603. Prepare some manganese sulphide from the chloride. 

604. Dissolve some soluble barium salt in water, and prepare from 
that solution the phosphate, chromate, carbonate, and sulphate. For this 
purpose divide the solution into four separate portions ; add to one of the 
four portions a soluble phosphate, to another a soluble chromate, to a 
third a soluble carbonate, and to the remaining portion a soluble sulphate. 

605. Prepare anhydrous oxide, hydrated oxide, and sulphide of copper, 
from a salt of that metal, which is soluble in water. 
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6061 Frepue a small qnantitT of sulphate, carboiiat€| and dikride 
lead, from a sak of that metal which is solable in watec 

607. Prepare some baiimn sulphate from the carbonate.* 

60& Prepare some anc carbonate from the sulphide. 

609^ Dissolve a baiimn salt and a mercnroos salt, which can tai\ 
together withoat deoompositioo, in an appropriate quantity of water ; tfarav 
down themercnryftom the solution contamin^ the two salts, \n addingtofte 
solution some acid, base, or salt, which will precipitate it either as anil- 
soluble oxide or as an insoluble salt; filter off from the precipitate thusfbcnd^ 
and to the filtrate — ^wdiich ought, if sufficient of the substance employeito 
predpitate the mercniy were ined, only to contain the bduium oonqiound (lb" 
re^aiding the substance employed to precipitate the mercury)— add MM 
acid, base, or salt, which will precipitate the baribm. 

6ia Dissolve a mercuric alt and a calcium one in water, and sepank 
them in a similar manner. 

611. Dissolve a calcium salt, a zinc salt, and a ferric salt, andwp™*^ 
them in a similar manner. 

612. A manuftbcturing chemist has a quantity of impure amnwmw 
chloride which he desires to purify ; the impurity is ferric chloride. If k 
were to dissolve the impure ammonium salt in water, could he predpitiie 
the iron in such a way that chloride of ammonium would be the (Mily sob- 
stance remaining in solution ? 

747. In each of the three following tables the action of cer- 
tain reagents upon certain metals in solution is contrasted by 
placing them in parallel columns. The student,^ when perfonn- 
ing the experiment, must note the agreements and differam 
the three metallic solutions display with each of the three 
reagents. The experiments must be made in the foilowing 
order ; taking the first table as an example : — the experiments 
on all the three metallic solutions must be made with the 
reagent HCl before acting upon any one of them with either 
of the other two reagents ; when these are completed, he must 
follow the same course with the reagent ammonia, and finally 
with the reagent oxalic acid. At the conclusion of each ex- 
periment he must, before proceeding to the next experiment, 
carefully note the change produced, if any, and explain by 
a diagram the decomposition produced, if any precipitation 
occurs. When all the experiments have been completed in 
any one table, before proceeding to the next table, the student 

1 Before insoluble salts can be prepared from insoluble ones, the latter musl, 
by an acid or other means, be brought into a state of solution. 

^ If. from want of room or other causes, the students cannot make the ei^e* 
riments for themselves, the teacher ought to have large diagrams of the taUo 
suspended in the class-room, and after he has made the experiments, he om^ 
to make each student state in writing all the different methods whi(^ could bi 
adopted for the separation of the three bases. 
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must devise a method, or — if more than one could l)o adapted 
— all the methods which could be employed by the aid ol" the 
three reagents, for the detection and separation of the three 



SILVER OXIDE. 

^x. Hydrockiaric acid-pr^- 
Cipitates silver from its neu- 
^^ and add soladoos in the 
»Qami of diloride {A^\\ 
■because sQver chloride is in- 
soluble in neutral and acid 
*olutioos. 

a. Ammomia. (NH«HO) 
pi^IMtsLtes silver oxide from 
^ts solutions ; bat an excess 
ofanunonia redisscdves it. 

3. t^xo/flr ocu/produces in 
x^cotral, but not in ammo- 
^iiaod solmuMEis, a |»ecipitate 
of silver oxalate, as the oxa- 
late is soluble in ammonia. 



cupkic oxidb. 

(CuO)l 

z. Hjfdrosul^Hric acid 

predi»tates C(q;>per fnxn its 

add solutions as sulphide 

(CuS). 

2. AmmcMxa predpitates 
copper from its add solu- 
tionSy but an excess of am- 
monia redissolves the preci- 
pitate. 

3. Sulphuric acid pro- 
duces no predpitate in solu- 
tions of copper, because 
cupric sulphate \& soluble. 



SILVER OXIDE. 

(Ag.O). 
^ X. Hydtvchloric add pre- 
dpitates silver from its 
neutral and add solutions as 
chloride. 

3. Hydrosniphuric acid 
predpitat^ silver from its 
add solutions as sulphide 
(Ag.S). 

3. Ammoniunt sulphide 
predpitates silver from its 
neutnd and alkaline solutions 
as sulphide. 



Table I. 

FERRIC OXIDE. 

, (Fe,0^ 

! 1. Hydrochloric acid ^TQ- 
\ duces no precipitate in solu- 
tions of iron in the ferric 
state, because ferric chloride 
is soluble. 



2. Ammonia precipitates 
ferric hydrate from ferric 
solutions, and the hydrate 
is not redissolved by an 
excess of ammonia. 
j 3. Oxalic acid does not 
predpitate iron from its 
ferric solutions, as ferric 
oxalate is soluble. 



Table II. 

ALUMINA. 
(A1„0:^. 

1. Hydrosnlj^huric acid 
does not precipitate alumina 
from its acid solutions. 

2. Ammonia precipitates 
alumina from its solutions 
in the form of hyilratc 
(AlaH„0,), and an excess 
of ammonia does not re- 
dissolve it. 

3. Sulphuric acid pro- 
duces no precipitate in solu- 
tions^ of alumina, because 
aluminium sulphate is solu- 
ble. 

Table III. 

CUPRIC OXIDE. 

(CuO). 
I. Hydrochloric acid 
causes no precipitate in 
solutions of copper. 

^. Hydrosulphuric acid 
precipitates copper from its 
acid solutions as sulphide 
(CuS). 

3. Ammonium sulphide 
predpitates copper from its 
neutral and aikaline solu- 
tions as sulphide. 



1.1 Mr. 

(C'aO). 

1 . Hydro\hlo> :\ <i« /t / 

docs not precipit.iti* linn* 

front its solulimis, Imm.ium' 

calcium cliloritU* is v>Iul>li-. 



2. AinmoHiit cltM's lint 
precipitate lime frnm its 
solutuiUN. 



3. O.valii ttiiil |>rf(-i|ii 
tales lime :is o.\:il.it<: iVniii 
its neutral aiul alkaline 
solutions. 



(MaO). 
I. Uydrosiilf^hurit- acid 
does not prei-i|iitiite luiryia 
from its >olulii)ns. 

'.'. Amntoniit (Umn nf>i 
precipitate baryta from it 
solutions. 



3. Suiphunc acid preci- 
pitates iKiryta from its .solu 
tions, because barium sul- 
phate is iiiNolubU. 



/INC OXIIIK. 

(/nO). 

1 . Ilydtvchloric^ acid 
causes no precipiUUe in 
solutions of 71UC. 

2. llydrosuiphuric acid 
does not jirecipilate zinc 
from its acid solutions. 

3. Ammoniutn sulphide 
precii)itates zinc from its 
neutral and alkaline solu 
tions as sulphide (ZnS). 



metals, whether separated in the form of oxides or salts. The 
teacher ought then to give the student three mixed solutions 
of the metals to analyse, and the three solutions should not 
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contain all the ihree metals, as in chemical analysis it w 
sometimes more difficult to prove the absence of a substance 
than to prove the presence of one. 

748- The student has now become acquainted, in a general 
way, with some of the methods the chemist adopts fordis- 
ti nguishing and separating substances from each other ; ihf 
discoveiy of the various elements or compounds in a comply 
compound, or in a mixture of substances, and thus the separa- 
tion of them from one another, is the object of that branch 
of practical chemistry termed Qualitative Analysis. Then 
is another branch of analysis termed Quantitative Analyas. 
The object of this branch of analysis is to determine the 
quantity of each element or compound present in any sub- 
stance. This branch of analysis is divided into gravimetric 
and volumetric analysis. We will simply explain gravimetric 
analysis by one illustration. Suppose we wished to estimate 
the quantity of barium in any substance containing it : the 
first thing, if it were a solid, after weighing a certain quantity of 
it, would be to bring it into solution, and then precipitate the 
barium in some insoluble form, say as sulphate, then collect on 
a paper filter the insoluble barium compound, free it from 
every other sutatance by washing it with distilled water by 
the aid of the wash-bottle (fig. 58), dry it, then weigh it, and 
finally calculate the amount of barium it contained. 

749l Volumetric analysis is the branch of quantitative 
analysis which I wish tnore particularly to make the student 
acquainted with, as it is one which enables me to show him 
in a brief space how the knowledge he has acquired in 
previous lessons can be usefully and practically applied, 
volumetric analysis the quantities are determined, not \tf 
separating and weighing a definite quantity of the substance 
we wish to estimate, as is done in gravimetric analysis, but 
by adding to a solution of the substance being analysed another 
of definite strength called a j^am/amf solution, until the desi 
r eaction is obtained ; as, for example, adding, from a 
vessel, a standard solution of sulphuric, hydrochloric, or nitric 
acid to a measured volume of one of the alkalies, until the 
solution has no action on blue or red litmus paper ; or by 
adding a standard solution of one of the alkalies to a nieasuied 
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Mintity of one of these acids until the solution is neutral, that 
§ has no action either upon blue or red litmus paper. The 
^termination of the amount of free acid is termed Addimeiry ; 
B estimation of an alkali, whether in the free state or in com- 
lation with carbonic acid, is termed Alkalitiieiry. 
' 750- One of the most important instruments in volumetric 
(dysis is the burette. There are several forms of it, but in each 

1 it consists of a graduated tube, so that the 

(antity of any liquid delivered from it can be 

airately measured. The one represented in 

: 71 is called Binks's burette ; it is, as shown, 

I upright, graduated tube pro\ ided with a spout 

t the delivery of a solution, and another open 

, for the introduction of a solution and by 

e closing of which by the thumb the liquid is 

(evented from escaping from the spout, and 

: closing the opening perfectly air tight 

the How of the liquid can be regulated from the 

other opening. This form requires a wooden 

stand, into which the lower end is pKced when 

751- Graduated pipettes and graduated 

flasks are also required m volumetnc analysis 

but as we are not giving an anal}tical course, 

but only a few examples of volumetnc determinations by 

precipitation, by saturation, by oxidation by decolourisation, 

I order to extend the students knowledge of the 

Irfiemical actions of substances upon each other, and some 

F their applications, we shall not enter into anj further de- 

iiption of the instruments required 

Experimental E^erases tn Volumetnc Anah sis. 

613. EiHmalum. of Chlonne in seluhli Chlorides.— H\,eA•aAa^Xa!l^t«liA•s 
ftware thai silver chloiide is insoluble ; if, therefore, we were lo add a 
measured volnine of a standard solution of silver nitrnte lo a weired 
quantity of a chloride, or a substance containing a chloride, which we had 
dissolved in water, until no precipitation took place, we could, by knowing 
the quantity of silver nitrate in the quantity of silver solution employed, 
calculate the amount of chlorine in the chloride ; but there is a difficulty in 
■ ' ' g the exact point of complete precipitation ; two or three drops 
rer strong solution of pota-ssium chromate are therefore added to 
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the soluble chloride. Silver chrpmate, which is red in cdlour and msfffyikk, 
is not precipitated to the sli^test .extent until oE the chl(»ine has been 
precipitated ; as soon, then, as the £dntest red precipitate /ermoMmUf 
appears, we know that all the chlorine has been precipitated. 

The standard scdution of silver may be prepared by dissolving 17 g|aun& 
of pure crystallised silver nitrate in distilled water, and adding the water 
until the solution exactly measures a litre. A soluti<m of this strength con- 
tains o-oio8 gram, of salver in one cc. of the solution ; this qoantitf of 
silver combines with "00355 P^bl of chlorine to form the chloride.' 

Dissolve 0*5 gram, of common salt in distilled water, add a few drops 
of a solution of potassium chromate, then add slowly from the burette the 
standard silver solution, stirring the mixture continually with a (^ass rod. 
As the precipitation approaches completion, add only a few drops of the 
silver solution at a time, and when uie fiiintest permanent reddish ooloiir 
is produced the operation is completed ; then read off from the bozette tiie 
number of c.c of silver solution employed, and calculate the quantity of 
sodium chloride contained in the *5 gram, of salt A second determinalioD 
ought always to be made ; if the two results agree, the estimation is ooncliided 
to be correct ; but if they do not agree, the estimation must be repeated 
until two estimations do agree, or within a very small fraction ; tins must 
be done not only in this, but in all the other examples. 

On the addition of the silver solution a red colour will appear before aD 
the chlorine is precipitated, but it disappears on stirring or shaking the 
solution ; it is only when it becomes permanent that the operation is 
finished. As silver chromate is soluble in acids, as the table shows, the 
chloride solution must be neutral or feebly alkaline ; if acid it must be 
neutralised by sodium carbonate ^^^ from a chloride. 

614. Estimation of Cyanogen in the Alkaline Cyanides, — Silver cyanide 
is insoluble in water, but a molecule of this salt unites with a molecule of 
an alkaline cyanide, forming a double salt which is soluble, thus : 

2KCy + AgNOs = AgCy,KCy + KNO^ 

But if more silver solution is added than is required to form the double salt, 
AgCy begins to precipitate. Advantage has been taken of this fact to esti- 
mate cyanogen volumetrically : a standard solution of silver nitrate is added 
until a faint but pervianent turbidity is produced ; when this occurs we 
know the proper quantity of silver nitrate has been added. 

Weigh out about one gram, of commercial potassium cyanide, dissolve 
it in water, then add slowly to the solution from the burette the standard 
silver solution employed in the last experiment ; and as it approaches com- 
pletion add it drop by drop, as the AgCy, which first precipitates, dissolves 
with less and less rapidity in the alkaline cyanide as the complete formation 
of the double cyanide is approached. When the faintest permanent tur- 
bidity is produced, the number of c.c. of silver solution must be read off, and 
the quantity of pure KCy in the quantity of the commercial salt employed 
must be calculated ; and afterwards a second determination ought to be 
made. 



1 It is necessary when substances have to be correctly estimated, to verify 
by experiment that the standard solution is of the definite strength ; thus, for 
example, after making a standard silver solution, we ascertain by experiment 
whether every icx) c.c. of it exactly precipitates the chlorine in every '585 
gram, of pure sodium chloride ; but, as we are only illustrating the principle, k 
is not necessary to do so in this and most of the other examples. 
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■.. ■.!!!' soiliiim is the alkali l>est 

Mil lie obtained from chemists 

. ^!.i..L>. of the NaHO in distilled 

■ !..'.hcr the NaHO solutionis 

: i:' it is not, it can be correctly 

.; ..i!i;iKirv. The solution of the 

; ./.v .'/////;' of the acid we wb^h 

!..■■- i>, neither changes the colour 

':.• iU'iil in distilled water, adtl 

'.;:\:to the solution of the alkali 

.: \\w Inirette the numlnir of c.c. 

:l;v.L- the ([uantity of acid, and 

y r:ii)idly al)sorb CO^ from the 
.i-'l hollies. 

■!i-. although insoluble in water, 
junposo, we add to a known 
i «|ii;inlity of a standard solution 
.:mi l)e conveniently employed 
.■:i.l (aSO, only slightly soluble 
'ii'Ii h:is been added to the solu- 
., l).i! do not actually boil ii, until 
•iulion, which ought still to turn 
■I solution of one of the alkalies 
The amount of acid which re- 
live :u the quantity the carlxmate 
•niiiy of ihe particular carlionate 

.1 iiicd (juantity of a standard solu- 

I'id from the burette a stamlard 

' -.Maiir ihe amount of ^'a(.:<').^ in tb<: 

■ :ni.' of volumetric: rnethods wt: 
i iiicimt by a normal stanclarrl 
i^ooks whir:h treat on tliis method 
'biiion, (juantinorfnalt ^^^^cipiormal^ 
iiilions ure so \)XrY<x'[^f\ thai one 
liyMro^cn cvjiiivril'-"^ ^'^ ***<- :u:t'iv»: 
. ni = i) ; ;ifl(:dnorrn'»^l solutir^n is 

noniial f;n«-, \'r. 
^ : rriri he i>iirr hrr.'-'J ''^ ^**!* '^p^*.r:itiv«-. 
.. may find it mon: ^ onv«:i>*« lit. i^ i,«ir 
''r^• tlieiii. 

' "^ifHinatwn (-'//^ ■»//>>;/•,. 
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stanilardiiiietl by dissolving a weighed quantity of soft tJiin iron wire lu 
IlCl, taking care duiing the dissolving the solulion does not come in con- 
tad wilh the air, as solutions of ferrous iron rapidly absorb oxygen from die 
ai(, the metal becoming converted into the rerric state. We will assanie, 
however, that loo c.c. of the solution corresponds exactly to '56 gram. (J 
Fe ; and we will show how to estimate iron by employing 2-78 granii. of 
ferrous sulphate (FeSO..? H,0). 

Dissolve a few grains of polasaom ferricyanide in water, and, by dipping 
a glass rod into the solution, place a dozen or so of separate drops of fhe 
solution on a white porcelain plate— an ordinary dinner plale will do, 
Dissolve 2'74 grams, of the ferrous sulphate in cold water. If the salt wss 
perfectly free from any of the iron, being in the ferric state, which it really 
is, it would require 100 c.c of the bichromate solution [o preoxidise all llie 
iron. Add some c.c. of the bichroniale solulion to the sulphate solution, 
say 60, then take a drop out by means of a glass rod and drop it on one 
of the ferricyanide drops ; if a blue colour is produced add more of (he 
tnchromate ; repeat the test, and so continue until a blue tinge just ceases 
to be produced ; then read off the number of c.c. of bichromate solutioB 
which have been required, and calcalHle the amount of iron, in the ferr 
stale, the salt contained. 

When it is dcsireil to estimate iron which is in the ferric state by ttl 
method, it is necessary to reduce it to the ferrous state ; thi~ * 

done by adding to the acid solntion of the iron pure line, 
sulphite, or sulphuretted hydr<^n ; these are the reducing agents usual^ 
employed for the purpose. 

61 7. Alkalimetry. — ^The alltalies in the free state and in their carbonates 
are valumetrically determined by means of a standard acid, sulphuric being 
the one generally employed ; and for this purptse it is best to obtain the 
purest acid. Measure out 30 c.c. of the acid, add to it three or four limes 
its volume of distilled water, and allow the liquid to cool ; when cold make 
up the solution wilh water to a litre. 

Ignite some pure sodium carbonate ; when cold, weigh out a gramme, 
and place it in an eva;»rating dish ; add distilled water and heat to near 
the boiling-point, then add about 10 cc. of litmus solution, and subse- 
quently the acid solution from the burette. On the evolutiDn of CO.. the 
colour of the solution will change to dartt at pale red; heal the solution 
to the boiling-point for a few minutes to expel the CO, j on the exi 
the blue colour will return; then add more acid, boil again, and s. 

tinae until the solulion is of a neutral tint, which is not affected by bi 

the liquid. Read off the number of c.c. of acid required to effect this, a 
repeat the experiment. 

We deure to have the acid of such a strength that 49 parts of f- _ 
are contained in a litre. As 98 parts of HSo, neutralise I06 parte C 
Na,CO,, one litre of the standard acid ought to neutralise 53 paiK.fl 
NOjCOu and 100 c.c. 5-3 parts. Supposing 95 c.c. of the acid neutrolbT 
5'3 parts of Na,CO„ the acid solution contains one-twentieth to 
acid ; therefore, to obtain it of the strei^h required, every 95 n 
must be diluted with five measures of water. 5<uppose, however, tllat H 
c.c of the acid were required to neutralise 5-3 parts of Na,CO,, the bi ' 
this case contains one-twentieth too much water ; therefore, t 
more of the strong acid requires to l>e added to it. 

618. ji(idimelry.—T\ie estimation of the amount of a . 

termed acidimelry ; a standard solution of a free alkali, and a solulion j 
litmus, are (he agents required. 
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Pure caustic soda prepared from metallic sodium is the alkali best 
suited for most acidimetrical estimations ; it can be obtained from chemists 
who sell laboratory reagents. Dissolve 40 grams, of the NaHO in distilled 
water and make up to a litre. Ascertain whether the NaHO solution is 
of the required strength by a standard acid ; if it is not, it can be correctly 
adjusted in the manner described under Alkalimetry. The solution of the 
alkali is added from the burette to a known quantity of the acid we wish 
to determine until the solution is neutral — that is, neither changes the colour 
of blue or red litmus. 

Dissolve one gram, of commercial oxalic acid in distilled water, add 
some solution of litmus, then add from the burette the solution of the alkali 
until the solution is neutral. Read off from the burette the number of c.c. 
of the soda solution employed, then calculate the quantity of acid, and 
afterwards repeat the experiment. 

Solutions of the caustic alkalies, as they rapidly absorb CO2 from the 
air, should be carefully preserved in stoppered bottles. 

619. The carbonates of the alkaline earths, although insoluble in water, 
can be estimated volumetrically ; for this purpose, we add to a known 
weight of one of these carbonates a measured quantity, of a standard solution 
of hydrochloric acid (sulphuric acid cannot be conveniently employed 
because BaSO, and SrSOj are insoluble, and CaSO^ only slightly soluble 
in water) sufficient to render the litmus which has been added to the solu- 
tion distinctly red ; then warm the solution, but do not actually boil it, until 
all the CO2 is expelled ; then add to the solution, which ought still to turn 
blue litmus red, from the burette a standard solution of one of the alkalies 
until the solution is neutral to test paper. The amount of acid which re- 
mains free having been ascertained, we arrive at the quantity the carbonate 
neutralised ; we thus ascertain the quantity of the particular carbonate 
present in the substance. 

Dissolve o*5 gram, of marble in a measured quantity of a standard solu- 
tion of HCl, warm the solution, then add from the burette a standard 
solution of one of the alkalies, then calculate the amount of CaCOg in the 
o*5 gram., and repeat the experiment. 

752. In concluding this outline of volumetric methods we 
must inform the student what is meant by a normal standard 
solution ; for he will meet in books which treat on this method 
of analysis the terms normal solution, quanttnormal, decinormal^ 
and centinormaL Normal solutions are so prepared that one 
litre at 16° C. contains the hydrogen equivalent of the active 
reagent weighed in grams. (H=i) ; a decinormal solution is 
one-tenth the strength of a normal one, &c. 

753- Standard solutions can be purchased at the operative 
chemists' ; some teachers may find it more convenient to pur- 
chase them than to prepare them. 

Examination Questions, 

620. To what substance is the hardness of water due ? Describe a 
process by which it can be softened. 

621. Name the sulphates which suffer no change on being heated. 

z 
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« 

Substances formed or set free. 



Substances added. 

648. Sol. of potassium chromate. 
Sol. of barium chloride. 

649. Sol. of sodium hydrate. 
Sol. of manganous chloride. 

650. Sol. of ammonium carbonate. 
Sol. of calcium nitrate. 

651. Hydrosulphuric acid. 
Sol. of plumbic nitrate. 

652. Sol. of sodium sulphate. 
Sol. of barium chloride. 

653. Sol. of oxalic acid. 
Sol. of barium nitrate. 

654. Ammonium sulphide. 
Sol. of cobaltous nitrate. 

655. Hydrochloric acid. 

Sol. of mercurous nitrate. 

656. Hydrosulphuric acid. 
Sol. of mercuric chloride. 



Barium chromate. 

And ? 

Manganous hydrate. 

And ? 

Calcium carbonate. 

And ? 

Plumbic sulphide. 

And ? 

Barium sulphate. 

And ? 

Barium oxalate. 

And ? 

Cobaltous sulphide. 

And ? 

Mercurous chloride. 

And ? 

Mercuric sulphide. 
And ? 



657. \Vhen potassium chlorate in the solid state is ignited, it is decom- 
posed into oxygen and potassium chloride. How many atoms of oxygen 
will be liberated from one molecule of the salt ? 

658. When ammonium nitrate in the solid state is heated, it is decom- 
posed into nitrogen monoxide (laughing gas, NjO) and some other substance. 
What is the other substance, and how many molecules of each will be 
formed from one molecule of the salt ? 

659. We know the substances that are formed on heating NH^NO, ; 
what substances will be formed on igniting ammonium nitrite, NH^NO, ; 
and how many molecules of the substances formed will be produced from 
one molecule of the salt ? 



Substances added. 

660. Hydrochloric acid. 
Ferric oxide. 

661. Sol. of cupric chloride. 
Sol. of potassium iodide. 

662. Sol. of hydric disodium arsenite. 
Sol. of cupric sulphate. 

663. Sol. of sodium hydrate. 
Sol. of chromic chloride. 

664. Sulphuric acid. 
Manganese dioxide. 

665. Antimonious chloride. 

Water. 

666. Sol. of ferric sulphate. 
Sulphurous acid. 

667. Sol. of sodium hydrate. 
Sol. of aluminium sulphate. 

668. Sol. of hydric disodium phosphate. 
Sol. of barium nitrate. 



Substances formed or set free. 

Ferric chloride. 

And ? 

Cuprous iodide (Cujig). 

And ? 

Hydric cupric arsenite. 

And ? 

Chromic hydrate. 

And ? 

Manganous sulphate. 

And ? 

Oxychloride of antimony 

(Sbci„SbA). 

And ? 

Ferrous sulphate. 

And ? 

Aluminium hydrate. 

And ? 

Hydric barium phosphate. 
And ? 
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Substances added. 



Substances formed or set free. 



669. 


Sol. ofhydricdisodium phosphate. 


Triargentic phosphate. 




Sol. of argentic nitrate. 


And ? 


670. 


Sol. of hydric disodium phosphate. 


Hydric cupric phosphate. 




Sol. of cupric sulphate. 


And ? 


671. 


Hydrosulphuric acid. 


Ferrous sulphate. 




Sol. of ferric sulphate. 


And ? 


672. 


Arsenous acid. 
Sulphuric acid. 


Arsine. 




Zinc. 


And ? 


673- 


Hydrochloric acid. 


Manganous chloride. 




Manganic dioxide. 


And ? 


674. 


Sol. of hydric disodium phosphate. 


Ammonium magnesium 




Sol. of ammonia. 


phate. 




Sol. of magnesium sulphate. 


And ? 


675. 


Sol. of cupric nitrate. 


Cuprous iodide. 




Sol. of ferrous sulphate. 


Ferric sulphate. 




Sol. of potassium iodide. 


And ? 


676. 


Sol. of aluminium sulphate. 


Aluminium hydrate. 




Sol. of ammonium carbonate. 


And ? 


677. 


Sol. of chromic chloride. 


Chromic hydrate. 




Sulphide of ammonium. 


And ? 


678. 


Sol. of ferric chloride. 


Ferric hydrate. 




Sol. of ammonium carbonate. 


And ? 



phos- 



679. When potassium bichromate and sulphuric acid are heated together, 
chromic sulphate and other substances are formed. What are the other 
substances? 

680. Chlorine converts solutions of ferrous salts into ferric salts ; 
show the changes which take place when chlorine is added to a solution of 
ferrous sulphate. 



Substances added. 

681. Sol. of ferrous chloride. 

Sol. of potassium bichromate. 
Hydrochloric acid. 

682. Manganic dioxide; 
Sodium chloride. 
Sulphuric acid. 

683. Sol. of potassium hydrate. 
Potassium nitrate. 

Zinc. 

684. Boiling sol. of potassium hydrate. 
Sol. arsenious acid. 

Zinc. 

685. Antimonious sulphide. 
Hydrochloric acid. 

686. Sulphurous acid. 
Sol. of iodine. 

687. Sol. sodium thiosulphate (Na2S203). 
Sol. of iodine. 

688. Sol. of oxalic acid. 
Manganese dioxide. 
Sulphuric acid. 



Substances formed or set free. 

Ferric chloride. 
And ? 

Manganous sulphate. 
And ? 

Potassium zinc oxide. 
And ? 

Potassium zinc oxide. 
And ? 

Antimonious chloride. 

And ? 

Sulphuric acid. 

And ? 

Sodium tetrathionate (NajS40a). 

And ? 

Manganous sulphate. 
And ? 
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Substances added. Substances formed or set free, 

689. Cuprous oxide (Cu^O). • Ferrous chloride. 

Sol. of ferric chloride. And ? 

Hydrochloric acid. 

690. Ferrous sulphate. Ferric sulphate. 
Sol. of potassium permanganate And ? 

(K^MnA)- 
Sulphuric acid. 

691. Sol. of potassium chlorate. Ferric chloride. 

Ferrous chloride. And ? 

Hydrochloric acid. 

692. Sol. of potassium iodide. Manganous sulphate. 

Manganese dioxide. And ? 

Sulphuric acid. 

693. Arsenious zincide (AsgZn,). Zinc sulphate. 
Sulphuric acid. And ? 

694. Name two acids, either of which, on being added to zinc, would 
yield hydrogen, and show the reactions by means of equations. 

695. Give as many methods as you can, from the preceding exercises 
in this chapter, for the preparation of oxygen. 

696. When ammonium nitrate is heated, what are the products of 
decomposition ? 

697. Name one or more substances which reduce ferric salts to the 
state of ferrous salts. 

698. Explain the following chemical reactions by means of symbols : 

a. The decomposition of steam by zinc. 

b. The decomposition of water by potassium. 

c. The formation of hydrochloric acid and sodium sulphate from 
common salt and sulphuric acid. 

d. The action of chlorine on sulphuretted hydrogen. 

e. The formation of sulphuretted hydrogen from ferrous sulphide and 
sulphuric acid. 

699. What substance would you add to common salt and sulphuric 
acid if you wished to obtain chlorine. 

700. What substance would you employ if you wished to precipitate by 
copper sulphate the whole of the iodine from potassium iodide in the form 
of cuprous iodide ? 

701. How would you prepare chlorine? 

702. When a small quantity of water is added to pentachloride of 
phosphorus, oxytrichloride of phosphorus (POCI3) and some other substance 
are formed. When an excess of water is added to the pentachloride, phos- 
phoric acid and some other substance are formed. Express each reaction 
by an equation, 

703. When manganese dioxide is strongly heated, it is decomposed ; a 
complex oxide of manganese, Mn304, is produced. What other substance 
is formed or set free ? 

704. When silicic anhydride, calcic fluoride, and sulphuric acid are 
heated together, calcium sulphate and some other substances are formed. 
What are the other substances, and how many molecules of each are 
formed ? 

705. If sulphurous anhydride be transmitted through water in which 
finely divided manganese dioxide is suspended, manganous hyposulphate 
(manganous dithionate), Mn^S^, is formed if the liquid be kept cool. 
JExpress the reaction by an equation. i 
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706. Silicon tetrafluoride is decomposed by water into hydrofluosilicic 
acid, HjSiFg, and some other substance. What is the other substance, 
and how many molecules of each are formed ? 

707. If manganous sulphide is digested in a solution of ammonium sul- 
phate, ammonium trithionate (NHj).^,©^, and other substances are formed. 
What are the other substances, and show by an equation how many mole- 
cules of each are produced ? 

708. If chlorine be transmitted through a weak and cold solution of 
potassium hydrate, potassium hypochlorite (KCIO) and other substances 
are formed. Express the reaction by an equation. 

709. If chlorine be transmitted through a hot or concentrated solution 
of potassium hydrate, potassium chlorate and other substances are formed. 
Express the reaction by an equation. 

710. If a current of hydrogen sulphide be transmitted through a solution 
of sulphurous acid, pentathionic acid (HgSsOg) and other substances are 
formed. Express the reaction by an equation. 

711. When calcium hydrate and an excess of sulphur are boiled to- 
gether in water, pentasulphide of calcium and other substances are formed. 
Express the reaction by an equation. 

712. When phosphorus is boiled with barium hydrate in water, barium 
hypophosphite (Ba2PIl202) and another substance are formed. What is 
the other substance ? 

713. When a solution of ammonia is added to a solution of mercuric 
chloride, dichloride of dimercurammonium (Hg"2H4N2Cl2) and another sub- 
stance are formed. Express the reaction by an equation. 

714. If phosphine is passed through a solution of silver nitrate, phos- 
phoric acid and other substances are formed. Express the reaction by an 
equation. 

715. Can you name any method for the production of ammonia from 
nitric acid ? 

716. What is the action of chlorine on a dilute solution of potash ? 

717. What is the composition of arsine? and state as many methods as 
you can for its preparation. 

718. Name one or more methods for the preparation of hydrogen sul- 
phide. 

719. What is the action of ammonia on mercuric chloride ? 

720. Give the action of potassium permanganate on a solution of a 
ferrous salt in the presence of sulphuric or hydrochloric acid. 

721. Give a method for the preparation of potassium chlorate. 

722. How would you prepare phosphine ? 

723. Sodium thiosulphate is used as an antichlore for removing the last 
traces of chlorine from substances bleached by that agent. Show by an 
equation how it acts as an antichlore. 

724. When an iodide or a bromide is treated with MnOg and H2SO4, 
the iodine or bromine is set free. Express the reaction by an equation. 

725. How would you prepare barium sulphate from a soluble barium salt ? 

726. Are you acquainted with any method for the preparation of an 
oxychloride ? * 

Appendix, 

Laurent, in his * Chemical Method,' recommends that when substitu- 
tional reactions are represented in the form of an equation, the second 

* The student mttst now return to Chap, VI. and complete the study of it, 
commencing at par. 362. 
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member of the equation should be written underneath the first This is a 
very good plan in many cases, for we at once perceive, when the equation 
is written in this manner, that to each term of the superior member theie 
is a corresponding term in the inferior one, as shown in the following 
examples : 

1st. — Action of chlorine upon f CI CI + HH = 

hydrc^en. . . \H Cl + HCl. 
2nd. —Chlorine upon potas- / CI CI + K H O + KHO = 

slum hydrate . . \ K CI + K CIO + HHO. 
3rd.— Chlorine upon potas- / 3 CI CI + 2 KHO + KHO + 3 KHO = 

slum hydrate . . 1 3 K CI + 2 KCl I- KCIO3 + 3 HHO. 
4th.— Action of chlorine and/5 CI CI + 5 HHO + HHO +11 = 

iodine on water . \ 5 H CI + 5 HCl + H I Oj + HID,. 
5th. — Sulphuricf acid upon di- ( H2SO4 + MnOa = 

oxide of manganese . \ Mn^S04 + HgO + O. 
6th. — Sulphuric acid upon f H2SO4 + KgCO, = 

potassium carbonate . \ KgSOj + CO.2 + HgO. 

In the fifth reaction, peroxide of hydrogen ought to be formed ; but 
this body, not being capable of existing in the presence of binoxide of 
manganese, undergoes decomposition, and sets free its oxygen, whence the 
interference with the symmetry of the reaction. 

In the sixth reaction, the symmetry is destroyed, because HgCOj being, 
under ordinary circumstances, incapable of existing, becomes decomposed 
immediately into HgO and COg. 



CHAPTER XV. 

COMBINATION OF SIMILAR ATOMS— THE NASCENT STATE— ALLOTROPY 
— DETERMINATION OF THE ATOMIC WEIGHTS OF THE ELEMENTS 
— PHYSICAL AND CHEMICAL RELATIONS OF ATOMIC WEIGHTS- 
QUESTIONS. 

758- We have now to lay before the student the chemical 
evidence which goes to prove that the atoms of most of the 
elements in the free state are united and not separated. The 
evidence in support of this we will arrange in three classes. 

759- i-^^ Class, — In a great many of the chemical combina- 
tions, in which an element is one of the combining bodies, an 
even number of atoms of the element is required. The atoms 
of the element appear, therefore, to be associated in binary 
groups.^ Examples :— 

I. When chlorine acts upon potash, potassium hypo- 

1 The perissad elements are considered only to unite in pairs ; but the 
artiad elements may unite in groups of two, three, or more. 
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chlorite or potassium chlorate is formed. The following is the 
teaction when potassium hypochlorite is jiroduced ; 
2KHO+ Cla= KCIO + KCl + H,0. 

PoUs«imi 

"When potassium chlorate is formed the following reaction takes 

6 KHO + 30^= s KCl + KClOj + 3 H ,0. 
When sulphur is fused at a gentle heat with an alkaline 
hydrate, or boiled with an aqueous solution of the alkali, two 
Compounds, dipotassium pentasulphide and potassium hypo - 
Sulphite, are formed : 

6KHO+6Si=KjS,,0,i + 2KjS5 + 3H30. 

760- When metallic sulphides oxidise in the air, both 
dements enter into combination with oxygen ; thus, 

NiS + 200=NiS0. 

761- In organic acids the whole or part of the hydrogen 
jn the acid radical can be replaced by the halogen elements, 
lespecially by chlorine, and there does not exist a single 
organic compound upon which we can effect any reaction by 
employing an unn'en number of atoms of chlorine. In every 
pase it is Clj, or a multiple thereof, which determines the 

;tion ; the compound may contain an uneven number of 
The following are examples of this statement : — - 
HC jHaO J + Cl,= HC3H2CIO1 + HCl. ' 

Acetic acid Monochloracelic acid 

HQHjOa + 3Cl2=HC5Cl30a + 3HCI. 
Trichloracelig aciJ 

2nd Class. — There are a great number of decompositions 
which cannot be explained in any satisfactory manner unless we 
admit that the atoms of the same elements are capable of entering 
into combination with each other. 

"jdz. When a solution of potassium dichromate is poured 
into a strong acid solution of barium peroxide (BaOa) in 
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hydrochloric or nitric add, s. violent effervescence takes place, 
due to the escape of oxygen. Apart these solutions are perfectly 
stable, but when brought together they are both decomposed 
ox)gen is liberated from both compounds, the metals becomingjj 
converted into chlorides ; thus — 

loHCl + KjCrO,. Cr03 + BaOj=CrjCls +2KC1+Baa, 
+SH5O + 2OO. 

The late Sir B. Brodie regarded the oxygen itself in this 
experiment as the true reducing agent ; he believed that the 
chromic acid is decomposed by the oxygen of the peroxide 
of hydrogen, according to the same law of decomposition, and 
for the very same reason as it would be by hydrogen itself if 
a piece of zinc were thrown into the solution, the reason bei 
the polarity of the particles induced by chemical change. 

763. Before passing on to the and example in the 
class, it is desirable to inform the student that the 
assigned for the chemical union of the atoms of the same el< 
ment is the same as that assigned for the union of the atoi 
of different elements, and of the molecular atoms of compoum 
substances; it is this, that at 'Ca.^ -raoxisfiA oi chemical change 
chemical difference exists between the substances, whetht 
elementary or compound, that are set free and combine, whit 
is expressed by the terms positive and negative; therefore,' 
when chemical combination takes place between the atoms 
of the same or unlike substances, a chemical difference exists 
between the atoms as they are to one another in a.positive 
negative relation. 

?. Cuprous hydride, CuH, in contact with strong h; 
chloric acid, is decomposed along with the acid, cu^ 
chloride, CuCl, being formed, and hydrogen evolved ; thus 

+ - +- 

CuH + HCl=CuCl + 2HH. 
This is perfectly analogous to the following decomposition :• 
+ - + - 

CuaO + HCl=CuiiCla + H50. 

Hydrochloric acid scarcely acts upon copper ; the combini 

tjon of hydrogen with copper, far from favouring the action o 
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the acid upon the metal, ought, according to the idea that the 
atoms of the same element do not unite but remain free, to 
add a new obstacle to it. Hydrochloric acid also dissolves an 
alloy of copper and zinc, although on the copper itself it has 
little action. The hydride of copper is itself, in its chemical 
relations, an alloy ; the action of the acid consequently is the 
same upon the compound of copper and hydrogen as upon 
the compound of copper and zinc, and the explanation of these 
facts involves similar phenomena. Thus — 

2HCI + ZnCu + 2ClH=ZnCl2 + CuClg + 2HH. 

The oxides of gold, silver, and mercury, on being placed 
in a solution of hydrogen dioxide (H2O2), decompose and are 
decomposed by that body, although apar^ the metallic oxides 
and the dioxide are perfectly stable ; the metallic oxides lose 
the whole of their oxygen, whilst the dioxide loses one-half a 
molecule of oxygen, a molecule of the metal and water being 
formed. Example : — 

+ - + - + 

Ag20 + H200=Ag2 + 00 + H20. 

764. ^rd Class. — As a chemical compound possesses pro- 
perties perfectly different from those of its constituents, it 
follows that, if two or more atoms of the same element are 
capable of entering into combination, the homogeneous com - 
pound * and the elementary atoms in their free state will be dis- 
tinguished by a difference in their properties. That the elements 
do not possess under all circumstances the same physical and 
chemical properties, but that the same element differs as much 
in properties under different conditions as some heterogeneous 
compounds differ from f/iet'r constituents, is evidenced by the 
allotropic modifications of some of the elements,* and by the 
nascent^ compared with the ordinary^ state of the elements. 

1 We shall call compounds consisting of a combination of the atoms of the 
same element, homogeneous compounds, to distinguish them from compounds 
composed of unlike elements : the latter class of compounds, composed of 
unlike elements, we shall call heterogeneous compounds. 

2 * There appear to be four different conditions in which solid bodies may 
exist. They may be — ist. Crystalline, as diamond, garnet, felspars. 2nd. 
Vitreous, or glassy, as glass itself, transparent arsenious acid, and barley sugar. 
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1, The affinilies of the elements in Iheirnaseeiif slalt^ aii 
much more powerful than in the ordinary state of the elements ; 
nitrogen, for instance, cannot, except with very great difficull)', 
be made to unite directly with any element, but requires for its 
combination that one or both the elements should be in the 
nascent state. In order to effect the combination of chlorine 
and hydrogen, oxygen and hydrogen, independently of any 
agent, such as heat, it is necessary to bring them together in 
their nascent state. To effect the union of a solid with a gas- 
eous body, it is necessary, in a number of cases, to bring them 
together in their nascent state : thus, no chemical combination 
will take place if a stream of hydrogen be passed into sulphur. 
If, however, the two elements are set free from other combina- 
tions at the same moment and in presence of one another, 
they combine together and form hydrosulphuric acid. This is 
also the case with hydrogen and the following substances :— 
phosphorus, carbon, arsenic, antimony, &c. We cannot well 
explE^n why the affinities of the elements should be so much 
greater at the tiiometit they are set free from their (heteroge- 
neous) combinations than they are afterwards, unless we admit 
that the atoms of the same elements are capable of entering 
into combination. If we admit the existence of molecular 
atoms, then there is no difSculty in accounting for the great 
disparity in the affinities of the elements in the two states ; fix ] 
in the nascent state the atoms of the element are uncombim 

in the ordinary state they are united ; consequently when ti 
elements are set free from other combinations at the t 
moment and in presence of each other, the two elements e 
Into combination, because the unlike atoms have a greats 
affinity for each other than the like atoms have ; or, as it v 
be expressed on Brodie's theory, the unlike atoms are in \ 
greater positive and negative relation. 

2. Phosphorus, sulphur, carbon, and silicon are very sUi 
ing examples of the allotropic modifications or conditions a| 

3rd. ..-dnujyfcuii or deslilute of ctyslalline form allogelher, m 
or clay. 4lh. Organised, or arranged in masses, eansisling of cells. flbreSi ij 
membranes, like ihe tissues of animals or vegetables, as hair, muscle 
wood, bark, leaves, &c.'—MHIer. 

' The tnonient elemenU ate set free from their combinations they a: 

10 be in 
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^natter. Phosphorus can be obtained in the crystaJbne, vitreous, 
and amorphous state. In its ordinary slate, it is a soft, semi- 
transparent, colourless, waxy-looking solid, which fumes in the 
air, emitting white vapours of an alliaceous odour. Its specific 
gravity is i-83. It fuses at iii-5''F, It is very inflammable ; 
it takes fire in the open air a few degrees above its fusing point. 
The crystalline form is equally inflammable vrith the vitreous. 
Amorphous phosphorus is red. In this state it is insoluble in 
a great many liquids in which the crystalline and waxy forms 
dissolve. The density of red phosphorus is 2-14. It has no 
smell ; and it may be heated in the open air, without change, 
until the temperature reaches 500" F. : at this heat it melts, 
and bursts into flame. One form of sulphur has a density of 
2 '05 and melts at 239° F. ; another form' of the element has 
a density of 198, and melts at 248° F. ; and a third form has 
a density of i"957. These three varieties of sulphur are also 
distinguished from each other by a diflerence in some of their 
other properties. The student has only to contrast the pro- 
perties of the diamond, graphite (the black-lead of pencils), 
and ordinary charcoal, to see that the properties of carbon are 
as various as the conditions in which it can exist. Silicon can 
be obtained in two distinct modifications, viz. the amorphous 
and the crystalling modification ; and its properties in the two 
difierent states differ remarkably. 

765 Allotropy is as yet unexplainable ; it is probably due 
to the molecules of the difierent modifications containing a 
diflferent number of atoms, as we have seen is the case with 
ozone, the allotropic modification of oxygen. 

766. We shall conclude this, the last chapter of this volume 
with a description of some of the methods adopted for deter- 
mining the numerical values of the atoms of the elementary 
bodies. 

767. According to Dalton's atomic theory the atoms of 
the same element are all of equal size and weight ; and the 
atoms of one element differ from those of the other elements 
in weight and in chemical properties ; and as hydrogen is the 
lightest substance in nature, and the proportion in which it 
enters into combination is less than that of any other element, 
Dalton chose it as the unit in his scale of atomic weights, and 
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it is accepted as the unit wherever chemistry is studied. 
Dalton also assumed that the most stable compound of two 
elements must be binary, i,e. composed of one atom of each 
of the elements. Now, as the most stable combination of oxygen 
and hydrogen is water, and as in that compound the two de- 
ments are united in the proportion by weight of one part of H 
to eight of O, Dalton assumed the atomic weight of oxygen to 
be eight ; the formula of the compound consequently became 
HO. Chemists at the present time regard the atomic weight of 
ox>'gen as double that number, viz. i6 ; and they have doubled 
the atomic weights of several of the other elements : for the 
atomic weights are now arrived at from more considerations 
than guided Dalton in fixing his scale of atomic weights. 
The considerations which guide chemists at the present time 
in arriving at the atomic weights of bodies * are often some- 
what complicated, based partly on the law of gaseous volumes, 
partly on the experimental results upon the specific heat of 
the bodies under investigation, partly on the isomorphism or 
similarity in crystalline form of bodies of analogous constitution ; 
and the principle of analogy frequently enables us to determine 
satisfactorily the molecules and atomic weights of bodies with 
which we are comparatively but little acquainted.' 

768. We will commence the examination of the foundation 
on which our present system of atomic weights and our nota- 
tion rest, with the four typical compounds we employed to 
illustrate the volume- proportions in which gaseous and vapour- 
isable substances unite ; the compounds are HCl, H2O, H3N, 
and H4C. The first question it would be natural for the student to 
ask would be this, — AVhy are the formulae for water, ni trine, and 
methane not as simple as the one for hydrochloric acid ? If these 
three compounds were written thus, HO, HN, and HC, then 
the atomic weight of oxygen would have to be reduced to 8, 
the atomic weight of nitrogen to 4*67, and the atomic weight of 
carbon to 3. In placing before the student the considerations 
which guide chemists in fixing the atomic weights of bodies, 
we will first direct his attention to the chemical action of some 
simple and compound radicals on these four typical compounds. 

769.. When sodium, for example, acts upon hydrochloric 
acid, the whole of the H in the compound and nether a portion 



Determination of the Atomic Weights 353 
of it, is always expelled ; a compound is therefore never formed 
containing both hydrogen, sodium, and chlorine, but 
always consists solely of sodium and chlorine. If, on the other 
hand, we act on water with sodium, a compound consisting of 
sodium, oxygen, and half the hydrogen the water contained, i 
obtained ; the other half of the hydrogen having been expelled 
by the sodium, the latter taking its place. If the NaHO ii 
heated with a further quantity of Na, the other half of the H is 
ifixpelled by the Na, the compound Na^O being formed . One 
thaif the hydrogen in water can, therefore, unhke the H in HCl, 
ibe displaced by Na. Now, if water had the same atomic con- 
'Btitution as HCl, sodium ought to ex[>el the whole of theH, as 
■il does in that compound, and never in part, because if it ex- 
pelled a part, the atom of H must divide, which is contrary 
to the fundamental notion of atoms, namely that they are in- 
ii'isible. 

770- In nitrine the hydrogen is replaceable by thirds, and 
^ot, as in water, by half the amount In methane we can dis- 
place the hydrogen by other radicals by one-fourth, or two- 
fourths, or three -fourths, or four-fourths. 

77i- By these reactions we find, — that the hydrogen in 
hydrochloric acid is not divisible ; that in water it is divisible 
into two equal parts ; in nitrine into three parts, and not into 

3 parts as in water, nor into four parts as in methane ; in 
; it is divisible into four parts, and not into three parts 
as in nitrine. The student will therefore see that these reac- 
tions afford strong evidence for the belief that a molecule of 
tydrochloric acid contains one atom of H ; that a molecule of 
irater contains two atoms of hydrogen ; that a molecule of 
e contains three atoms of that element ; and that a raole- 
eule of methane contains four atoms of it. 

57Z We further find by chemical reactions that when water 
is the agent or resultant of a reaction it must contain two atoms 
or some multiple of two atoms, of hydrogen ; in like manner 
when nitrine is the agent or resultant it cannot be expressed 
mth less than three atoms of that element ; and when methane 
s the agent or resultant it cannot be expressed with less than 
bur atoms of it. 

773- We have learned in studying the duality of the ele- 
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mentary molecules that 35 '5 parts by weight of chlorine 
replace one part of hydrogen ; it is therefore accepted, from I 
and other evidence, that 35-s is the relarive weight of 
of chlorine. One unit weight of hydrogen is never replaced! 
8 of oxygen ; oxygen always replaces hydrogen in the proportion 
of 16 parts to 2 of hydrogen ; the relative weight of an atom 
of oxygen is taken to be i6. Nitrogen replaces hydrogen in 
the proportion of 14 of nitrogen to 3 of the latter element, 14 
is therefore accepted as the relative atomic weight of nitrogen. 
It has been shown that iz parts of carbon replace 4 parts ol 
hydrogen in 3 molecules of nitrine in the formation of 
organic compound called guanidine. These are a very 
examples of the aid derived from the valency of the atoms 
determining the atomic weights of the elements, 

774. When the specific gravity of hydrogen is taken as unity 
the specific gravities, as we have already learned, of most of 
the elementary gases and vapours are expressed by numbers 
identical with those that have been selected to express theii 
atomic weights. We have also learned, 'that the molecules ol 
compounds which are gaseous or volatile without decomposi- 
tion occupy two volumes, if an atom of hydrogen occupies one 
volume. The result of this is that the molecular weights of 
volatile compounds are accurately given by their densities. 
And if we refer these densities to that of hydrogen taken as 
unity, we have only to multiply the numbers obtained by 
find the weight of the molecules compared with that of an atom 
of hydrogen=i. This is a genera! rule. 

775. 'The atomic weights of a certain number of no 
and metals may be calculated from the molecular 
Thus the. atomic weights of phosphorus, arsenic, ai 
silicon, tin, mercury, and lead may be calculated from the mole 
cular weights of their volatile compounds. For example— 

776. 'The molecular weight of chloride of silicon {obtained 
by doubling its vapour-density) is 170, and analysis shows tha 
170 parts of chloride of silicon contain 142 = 4 x 35'5 of chlo- 
rine and sS of silicon. The vapour -density and analysis of 
chloride of silicon assign, therefore, to this body the fonnata 
-SiClj, and to silicon the atomic weight i8, for we have reason 
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\ for the belief that the molecule of chloride of silicon only con- 
I ^ns a single atom of silicon. 

777- ' This example shows the use which may be made of 
the law of Avogadro in the determination of molecular weights 
and in settling atomic weights.' 

778. Analogy is also, as we have stated, a guide in deter- 
mining the atomic weights of the elements ; because when 
compounds are analogous, as the selenium and tellurium com- 
pounds with those of sulphur, they are assigned similar formula ; 
therefore, for example, if we assign the formula HjS to sulphur- 
etted hydrogen, the formula for selenuretted hydrogen must be 
HjSe, and for telluretted hydrogen H^Te ; hence, from these 
hydrogen compounds we can determine the atomic weights of 
Se and Te. 

779- Isomorphism is also of assistance in determining, as we 
have seen in the case of alumina, the molecule of a compound 
and the atomic weights of its constituents ; for, if the compo- 
sition of one substance is known, the composition of another 
substance, isomorphous with it, can be inferred, and the atomic 
weight of its constituents determined. The student must, 
however, bear in mind that substances having the same cry- 
stalline form are not isomorphous, unless they are able to re- 
place each other in the same cr>-stal. 

Jo. The specific heats of the elementary bodies in the 
k Aolid state, if equal weights of the elements are employed, differ 
■y considerably ; but if, instead of employing equal weights, 
lantities in proportion to their atomic weights are employed, 
e specific heats of the elements, with some slight exceptions, 
» equal. So that an atom of any simple substance, whether its 
tomic weight is small, as that of lithium, or large, like those of 
muth and lead, has the same capacity for heat, and requires 
be same quantity of heat to raise its temperature, as an atom of 
toy other dement ; this quantity is called its atomic heat, and 
n be arrived at by multiplying the atomic weight of the ele- 
mt by its specific heat. Conversely, the chemist is guided 
a fixing the atomic weight of an element by the number he ob- 
tains by dividing the mean atomic heat (6-4) of solid elemen- 
tary bodies by the specific heat of theelement in the solid state. 
This important law was discovered by Dulong and Petit. We 
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have veiy briefly explained diis hw \ but we shall explain it 
more foUy in the second volume of this woik, and >Jso the 
periodic law^ first discovered hf NewlandSi 

781. We will summarise what has been set forth in the 
words of the late Professor Wurts: — 

(i) The present system of atomic weights is founded on 
the law of volumes, and is in harmony with the hypothesis of 
Avogadro. 

(2) It is in harmony with the law of isomorphism; 

(3) And it is in hannony with the law of Dulong and Petit 

JSxaminatioH Questions. 

7^7. What multipliexs most be used to transform the atomic wefg^ of 
the tollowing elements into their respective molecular weights : oxygen, 
sulphur, zinc, phosphorus, mercury, ozone, arsenic, naH^ipTTfij and 
hydrogen ? 

728. What products are formed on burning cyanogen in oxygen ; and 
how much orirgen is required for the combustion of one cubic iiidi of 
cyanogen ? What would be the volume of the resultant gases at the initia] 
temperature and pressure ? 

729. What facts and considerations can you adduce in support of the 
theory of duality. of certain elementary molecules ? 
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Ex. 94. Up to 260° C. air and mercurial thermometers agree, but above 
that point mercury expands relatively more than air ; the air thermometer 
is above this temperature regarded as the standard instrument : see also 
par. 88. 

Ex. 95, pars.. 105, 106. 

Ex. 96. The latent heat of water is between 79° C. and 80° C. ; we 
have taken it at 79° C. ; at this temperature the 1 1 lbs. of water will have 
consequently a temperature of 11° C. 

Ex. 97, Expt. 74. Ex. 98, pars. 221, &c. Ex. 99, 22*6 c.c. 

Ex. 100. The latent heat of water in this question is taken as 80° C. 

Ex. loi. Bodies fall to the ground in consequence of the earth's 
attraction on each of their molecules ; therefore, all bodies, whatever their 
size, ought to fall with equal rapidity, and they do fall with equal rapidity 
in a vacuum, but not, as we all know, in air, owing to the unequal resist- 
ance air opposes to their descent. 

Ex. 102. One cubic foot, 1563*43 cubic inches. 

Ex. 103. Because descending as well as ascending currents of smoke 
ind air would take place. 

Ex. 104. The air which passes up the chimney carries off the rest. 

Ex. 105. The draught of a chimney is proportional to its height ; hence 
:himneys of a shorter height are much more liable to smoke than chimneys 
jf greater height. 

Ex. 106. The volume of a gas is inversely as the pressure ; the volume 
leing decreased one-half if the pressure be doubled. Heat, on the other 
land, we have learned, expands gases ; see also par. 221. 

Ex. 107, 534*i6 c.c. Ex. 108, 273° C. Ex. 109, 5-051 litres. 



CHAPTER IV. 

Ex. no, 1 8 -08 cub. inches. Ex. in, 18*03 cub. inches. 

Ex. 112, 15*49 cub. inches. Ex. 113, 81*395 cub. inches. 

Ex. 114, 637° C. Ex. 115, 13*598 cub. inches. 

Ex. 116, 24*113 cub. inches. Ex. 117, 14*6 cub. inches. 

Ex. 118, 11*195 cub. inches. Ex. 119, 72*77 mm. 

Ex. 120, 7 1*24- mm. Ex. 121, 63*88 mm. Ex. 122, par. 235. 

Ex. 123, pars. 237, 238, 241, 248. Ex. 124, par. 281. 

Ex. 125. On account of the greater pressure. 

Ex. 126. If they were filled, they would, on ascending, tend to burst, 
)wing to the gas expanding by reason of the pressure of the atmosphere 
iiminishing, pars. 194, 195. They cease to ascend, and can only take a 
lorizontal direction when the buoyancy becomes equal to the weight of the 
Dalloon. 

Ex. 127. Moisture is always present in air, and the quantity varies 
greatly ; warm air can take up more than cold air, par. 285. And if a 
ronfined portion of air be heated, and no additional moisture be added, 
Nt experience in such an atmosphere unpleasant sensations, owing to the 
apidity with which evaporation takes place; hence the skin feels dry; and 
t is to remedy this that a plate containing water is frequently placed on the 
op of stoves. 

Ex. 128. In one case it would be converted into the gaseous state, and 
n the other case it would be solidified. 

Ex. 129, par. 239. Ex. 130, par. 255. 

Ex. 131. The dew-point is a name used to denote the lowest tempera- 
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tore to wiiich the air cm be cooled down 
moistiune* 

Ex. i^ Comnh the neiyaiJi e dcKiibii^ 
Dotemrticiilaily the difierenoe m ueircaiBtnctn 

Edb 153. Becsnse in tbe one wlanited with 
the skin is impeded. 

Ex. I34» pan. 21C-218. 

Ex. 135. Someof tfaesirwinnidiontofdiet uMl cndietopqf tte 
mountain; at the foot some of the cmtcrn s l air wfflioA into Jbew tm l 

Ex. 136. Tbe sui&ce of the earth and die air oicrit is waAimaB 
than the smr&ce of the sea and the air over it, daring dKda^; Aebotv 
over the island oonsequcntlj aaoends, and the coaler an^ dK^ 



in from tbe sea. Cofimnel^,dmaiHrthen%^dieaea||prcsonlaQme^Ae 
heat it absorbed during the daj, milst the smfiwe oftihe card^ finm Ae 



absence of tbe smiy becomes compaiafitdNr cold, ^nus : 

the tempemtme of tbe air over the land and sea pmdnoes die 

Ex. 137, pars. 235-23& 

Ex. 138W Mcatise the air becomes mote OGnqpnesaed, and thuefa i c li 
sensiUe beat is difinsed tbroog^ less balk. 

Ex. 139, pars. 94, 104. 

Ex. 14a Tbe babbles of Tapoor first formed fwmdwmsw on pasBiag ip 
throogb the colder layers of water ; and the formation and condeosadoo 
of tbe babble occasion tbe Hngifig. 

Ex. 141. Tbeyaredaetoacorrentof moist air of a fabler tempoatnie 
than the sur&ce di the sea ; tbe cooling causes a condensation of sooe of 
the moisture, which appears in the iarm of fog or thidc mist. 

Ex. 142. Because uiey absorb moisture from the air ; snipharfc acid is 
a liquid which absorbs a large quantity. 

Ex. 143, par. 234. 

Ex. 144. It is that temperature at which the tension of its vapour 
exactly balances the pressure of the atmosphere. 

Ex. 145, par. III. 

Ex. 146. Because the motion of the body is not added to the muscular 
effort, as it is when a run is made before leaping. 

Ex.' 147, par. 237. 

Ex. 148. On cloudy nights little or no dew is deposited, because the 
heat radiated from the earth is radiated back by the clouds, and therefore 
the reduction of temperature necessary for the deposition of dew docs not 
take place ; but on cloudless nights the heat emitted is not returned, hence 
dew is deposited. 

Ex. 149, pars. 260, 261. 

CHAPTER V. 

Ex. 150. 0-86'. Ex. 151.0-8'. Ex. 152. 1-175. 

Ex. 153. 0857. Ex. 154. 9*53 lbs. Ex. 155. 7-92 lbs. 

Ex. 156. 1 1 72 lbs. Ex. 157. 10-63 lbs. 

Ex. 158. 3430*9 grains. Ex. 159. 2-5. Ex. 1 6a 2-6'. 

Ex. 161. 20. . Ex. 162. 58. Ex. 163. 1-823. 

Ex. 164. 3*6. Ex. 165. 4-0. Ex. i66. 2-143 

Ex. 167. 4824. Ex. 168. lo-o. Ex. 169. 0-844. 

Ex. 170. 0-6. Ex. 171. 0-777. Ex. 172. 0-6. 

Ex. 173. 1980 lbs. Ex. 174. I -45 cub. ft 

Ex. 175. 486-3 lbs. Ex. 176. 208-1 lbs. Ex. 177. 5a*811s. 
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Ex. 178. 15 lt>s. Ex. 179. 58*2 lbs. Ex. 180. 2644-2 grains. 

Ex. 181. 437 "5 1^^' ^^* ^^2* 3 73' cub. feet. 

Ex. 183! I S' ^^- ^^4- 079. Ex. 185. 084. 

Ex. 186. I *i6' i^P- ^' of the body; 0*875 sp- gr. of the spirit. 

Ex. 187! 0-789. Ex. 188. 2388. Ex. 189. 13-94. 

Ex. IQO. The alloy consists of 7*29 parts of gold, and 271 of silver. 

Ex. IQI* The alloy consists of 29*19 parts of silver, and 7*81 parts of 

"^^Ex. 192. 17-608. Ex. 193. 16*04. Ex. 194. 1-555. 

Ex 199- 0*34.20. Ex. 200. 0*3004. Ex. 201. 0*4729. 

Ex.202. 0-1825. Ex.203. 71*54 cub. inches. 

Fx 204. 150-43 cub. inches. Ex. 205. 12*776 gram. 

Ex 206. 0-886 gram. Ex. 207. 19-54 gram. 

Ex 208. 3-25. Ex. 209. 1*547. Ex. 210. 1*07. 

Ex. 211, pars. 292-294. Ex. 212, pars. 307, 308. 

Ex 213, par. 292. Ex. 214, par. 313. 

Ex' 215. (I) par. 304; (2) par. 312; (3) par. 306. 

Ex. 216, par. 320. Ex. 217. 4*22. Ex. 218. 5*83. 

Ex 21Q. No ; cork, being of greater bulk, is buoyed up in the air by 
irreater force, and hence weighs less in air ; par. 324. 

Ex. 220. 32 ft- 9*5 inches, par. 176. Ex. 221, par. 294. 

Ex 222. 0-8333- 

Ex 223. 105 pts. by wt. of silver to 29 pts. by wt. of copper. 
Fx 224 par. 1 80 ; oil barometer 1 1 -692 metres. 
Ex 22 1;' par. 309; 22*4 grms. in alcohol. Ex. 226, par. 250. 

Fx 227' par. 308 ; 0*84 sp. gr. of the spirit. Ex. 228, par. 108. 
Ex* 229. 38 ft. IO-73 inches. 

Ex ^"^o. Because it is buoyed up with greater force by the water. 
Ex 2^1. The weight of water displaced, and the quantity displaced, is 
eaual in weight to the ship itself. 

Ex 2^2. As it is soluble in water, its sp. gr. must be determined in some 
liquid in which it is insoluble. 

Ex ^'W Weight of a cub. ft. 450 lbs. ; weight immersed in water 387 *5 

lbs. 

CHAPTER VI. 

Ex 2';2. The chalk is insoluble, and the salt is soluble in water. 

Ex 2"; 3' The turbidity is due to the substance being less soluble in hot 

• than in cold water. 1 ,. . ,- a- x. . a 

Ex 2S4- By evaporatmg the solution m an evaporating dish to dryness, 
and then examining whether any solid remains. 

Ex 2^5. When it ceases to dissolve it is a proof that the liquid is satu- 
rated and by the solid dissolving in the boiling liquid it shows that it is 
more soluble in the hot than in the cold liquid. 

CHAPTER VII. 

Ex. 272, par. 381. 

Ex. 273. By diminishing the atmospheric pressure the normal boiling- 
point of the ether is lowered, and it abstracts from the water the heat 
necessary for its ebullition, which causes the latter liquid to freeze. 

Ex. 274. It is due to the gas expanding on removing the pressure. 

Ex. 275. The ratio is as 0*27 to i. 
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CHAPTER Ym. 

Es, 3j6^ nw. 41a 
Ex. 327* The bumimiiidaetol 
of tbeair. 

Ex. jsS, pni; 411, 412, 415. 
Eh , 5291 EiptL 

Ex. 3J0, pv. 43^ Ex. 331, _ _ 

Ex. 333, pxA 407-4091 £l 

Ex. 33X, ptn; 429, 43Ck 
Ex j 3361 Stcxni ii wxter in tiK 
flod Of Mve CDtcfcd into tiK nkAfii 
gt- 337. P"- 44S Ex. 3_ 

E>. 343, nur. 44a 

Ex. 344. No ; it nnat be mixed wi&ar or 
the cxploBon sic cxil io n ditwidf «i«i wnfeBy xad 
plojca tiicfe if IikcwiK aitoug e u . 

Ex. 345, pxr. 459- 

Ex.346. Phosphoric anbTdxide (PPJ and wstKT CHPV 

Ex. 347, par. 439^ 

Ex. 348. When burnt as it issoes from Ae bnaer itsdememsmtr 
enter into onion with the oi^ipen of the air at the poim of ^^i"**^ ml 
therefore only in small quantities at x time ; bat whea the air and |^ at 
mixed the combination is in s t a nf a ne ous duoQ^hant Ae cmdie mam; md 
the ^reat heat derdoped instan tan euualj rmurr x peat and anUea ex- 
pansion of the gxseoos prodocts. To this and the aAer-contmedDn te 
explosion is doe; 

Ex. 349. Expt 292. 

Ex. 35a According to the qoantitj of air, either the wiiole or port d 
the carbon will be set free in the form of soot. 

Ex. 351, Expt. 322. Ex. 352, par. 434- 

Ex. 353, pars. 345-347- E^ 354» pars. 391, 407, 411, 459. 

CHAPTER IX. 

Ex. 366, par. 431. Ex. 367. It wocdd szmplj volatilise. 

Ex. ^58. A gain in weight 

Ex. 369. Yes ; the intensity wotdd be increased. 

Ex. 37a On account of the aqueous vapoor it contains. 

Ex. 371, par. 41a Ex. 372, par. 463. 

Ex. 373, pars. 468, 469. 

Ex. 375. Because the carbon cannot combine with a fnrther qnantitjof 
oxygen. 

Ex. 376, pars. 468, 469. Ex. 377, yu, 4"^ 

Ex. 378, par. 47a 

Ex. 379. Because the hydrogen cannot combine with a farther quantity 
of oxygen. 

Ex. 38a HexYier by the amount of oxygen they hxre combined with. 

Ex. 381, a 1236 grams. 8-55 litres ; b 18-39 grams. 12-75 W****"' 
Silver is extracted from argentiferous galena by the process described ii 

par. 499- 

^ The number o^ the Esecdaes ought to be a. 703 ; k^ git| 
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Ek. 382. The amount of iron oxidised would be 233'33 grams. ; and 
the increase in weight would be 322-31 gnus., and the volume of hydiogen 
gas set free wollld be 124 litres ; for the formula of the oxide roruied see 
par. 479. 

Ex. 3S3. If we take otone as the type of allotropic bodies in general, 
then we might infer that allotropy is due to the molecules of the different 
modifications of an element coDlalotDg a different number of atoms. 

Ex. 384. If the substance was exposed to heat and it took fire and 
burnt. It windd prove il was diamond and not glass. 

Ex. 385. It is most conveniently prepared by acting on MnO, with 
HCI ; this is the way it is prepared on the maniifactuiing scale : I225-3 
grams, of MnO„ and 3056-3 grams, of HCI. 

Ex. 386. The earthy substances in ores are termed the gangia. Sla^^ 
is the fumble mass that is formed by the fusion of the gangue with the 
substances added, which are called the^uj ; par. 495. 

Ex. 387. 38-44 vols, of air; 2-0995 ""'s. of steam, 63-9 vols, of nitro- 
gen in the air employed, 

Ex. 3SS, par. 490. Ex. 389, par. 479. Ex. 390, par. 482. 

Ex. 391. A reducing agent is a substance which removes oxygen from 
other substances, metals for instance, with which il is united, owing to its 
greater affinity for the oxygen. The reduction of metallic oxides on the 
manufacturing scale is also termed snulling. 

Ex. 392. par. 487. Ex. 393, par. 503. 

Ex. 394, pars. 491, 494, 505. 

CHAPTER X. 

Ex. 395. 31-5 lbs, of HjO, and 1-5 lbs. of H in excess. 
Ex, 396. 182-5 lbs. of HO, and 0-5 lb. of CI in excess. 
Ex. 397. 896 lbs. of HI, and III lbs. of I in excess. 
Ex. 398. 85 lbs. of HjS, and 1 !b of H in excess. 
Ex. 404. Oo account of not knowing the condensation that has taken 
pUce in the union of the O and N, wc have therefore to ascertain how 
much H remains uncombined after the first explosion. We ascertain this by 
addingOand again exploding, Thereisareductionin voiumennthissecond 
explosion of 75 cc, owing to the condensation of the water formed ) there- 
fore JO cc. of H remained uncombined after the finit explosion ; conse- 
quently 100 cc of the oxide of ni1n:^en gas consisted of loo cc, of N 
and 50 cc. of O, 

Ex. 405. 6S-41 grains. Ex. 406. 32765 cub. inches. 

Ex.407, 31-44 litres. Ex, 408. 0-716 gram. 

Ex, 409, 69-92 litres ; and S7-S4 grams. 
Ex. 410, 40 cc. of aqueous vapour, and 10 cc. of El. 
500-D7'49 grams. 
One cubic inch ; two cubic inches. 

One cc, ; two cc. Ex. 414. 0-5 cc. ; 2 cc. 

0-9688. Ex. 416. IZ6-53. Ex. 417. One, 

0-588. Ex, 419. 169-S7. Ex. 420, Ftmr, 

1,176. Ex. 422. Two. Ex. 423, g'39, 

23-01 of O ; and 76-99 of N. Ex. 425. 5,301. 

106-5 i tl^^E ! AuCI,. Ex, 427. 127 ; Aul. 

Ex. 428, 24; AL,Oj, Ex, 429. 106-5 : "f'lp 

Ex, 430. 142-D; SnC!|, Ex.433. Na = 33, Ag=io8, Mg = i2. 

Ex. 433. Ca = 20, B = 3-66, Sn^zg-s. 
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C&m'frat. XL 

•MS. F«. A- Et «*. I— - SSS- EU. 4+7, pa. iSi 



1 4*7- i549nN. df ciHA; 



CHAPTER XXL 

t.4lA. OaacoMH rf the— Bg^aMewtM* «fiw 

1. 477. pn- ^S- &. 4A fn. 6«3. 

'•479- "oSJCnBi. ttfC; loocx. (tfOCV 

[. 480, Tlie add ms spai ihe iHni.iiwHiliinil iiaiiw^ilii 1 

I noc Id npoa tlie ^ . , :. -. ja. Ii is o^feqed » naiii^n 

ilrs CO the mum ConoaUIrd Kid Mt lo Ik < 

i, and ibe allaf n ;? .-tc iImb 95 pe> eent. of pU ; 3 



I. 4«i, P«- 573- Ei. 48a. p"- fit* Et 4«^p«. («. 

I. aS<. loocctrf each of ibe products. Ex. 485, {Mf. te •■ 
ar. 668 — jrd. Ex. 493, pai. 64Z. Ex. 494, pu. 6 W j J- 1 
™. ._..-. -, . ic it b tea volatile tbw »" ^ 



I, nr. 668—311] 
^ PhocfitMnc a 



CH.\PTER XIII. 

Ex. 6*0. Thehardnessof«-aieR is due to the presence of salts o(fa« 
and magnesia ; iheit carbonaies are insoluble in inter, but ifaey ait <^ 
solved in water containing CO„ and on adding lime to water <rf this W 
the catbottates are precipitated ; see par. 742. 

Ex. 6zi, par. 733. Ex. 6m, 365. Et 623, pats. 7aa-7» 

Es. 624, pars. 735, 739. Ex. 615- 0-16. 

Ex. 636, par. 744. Ex. 627, pai5^ 744 73^ 

Ei. 6Z8. 49. Ex. 629, par. 746. 

Ex. 6ja .\ silicate Mill be formed, par. 668 — 3iti ; 00 adding ny 
the »licate will be decomposed, a chloride being fbnned, and ■ nTiiC 
quantity of alicic acid will be precipitated, par. 668 — and. 

Ei, 631. 5-6. Ex. 63*. 0-84 eram. Ex. 63J- j** 



Sfaitautit &• Ca FruUm, Nnntrtii SfMan, Ltmlm. 



